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PREFACE. 



The success which has attended the publication of my 
** Text-Book on Chemistry/' four large editions of it 
having been called for in less than a year, has indoced 
me to publish, in a similar manner, die Lectures I for- 
merly gave on Natural Philosc^y when profeasor of that 
science. 

It will be perceived that I hare made wlmt may appear 
an innovation in the arrangement of the autject; and, 
instead of commencing in the usual manner with Me- 
chanics, the Laws of Motion, &c^ I have taught dbe 
physical properties of Air and Water first. Thia plan 
was followed by many of the moat eminent writen ot 
the last century ; and it is my opinion, after aa extensive 
experience in public teaching, diat it is £ar better tliaii 
the method ordinarily pursued. 

The main object of a teadier should be to com muai - 
cate a clear and general view of the great features of faia 
science, and to do this in an agreeable and sboit manner. 
It is too often forgotten that the beginner knows nothing; 
and the first thing to be done is to avrakcn in him aa 
interest in the study, and to pie a eut to him a view of die 
scienufic relatioiy of dioae natoral objects villi whidi be 
is most familiar. When Us curiosity is aronaed* be trill 
readily go through Ainga diat are abatract and toMddmif^\ 
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which, had they been presented at first, would have dis- 
couraged or perhaps disgusted him. 

I am persuaded that the superficial knowledge of the 
physical sciences which so extensively prevails is, in the 
main, due to the course commonly puraued by teachers. 
The theory of Forces and of Equilibrium, the laws and 
phenomena of Motion, are not things likely to allure a 
beginner; but there is no one so dull as to fail being 
interested with the wonderful effects of the weight, the 
pressure, or the elasticity of the air. It may be more 
consistent with a rigorous course to present the sterner 
features of science first ; but the object of instruction is 
more certainly attained by offering the agreeable. 

But though this work is essentially a text-book upon ray 
Lectures, I have incorporated in it, from the most recent 
authors, whatever improvements have of late been intro- 
duced in the different branches of Natural Philosophy, 
either as respects new methods of presenting facts or the 
arrangement of new discoveries. In this sense, this work 
is to be regarded as a compilation from the best authori- 
ties adapted to the uses of schools and colleges. 

Disclaiming, therefore, any pretensions to originality, 
except where directly specified in the body of the work, 
I ought more particularly to refer to the treatises of 
Lame and Peschel as the autBbrities I have chiefly fol- 
lowed in Natural Philosophy ; to Arago, Herschel, and 
Dick in Astronomy. To the treatises of M. Peschel and 
the astronomical works df Dr. Dick I am also indebted 
for, many very excelleatl illustrations. 

Those subjects, such as Caloric, which belong partly 
to Chemistry and partly to Natural Philosophy, and 
which, therefore, have been introduced in my text-book 
on the former subject, I have endeavored to present hero 
in a different way, that those who use both works may 
have the advantage of seeing the saQie subject from dif- 



PREFACE. 



ferent points of view. The laws of Undulations, now 
beginning to be recognized as an essential portion of this 
department of science, I have introduced as an abstract 
of what has been written on this subject by Feschel and 
Eisenlohr. 

It will, therefore, be seen that the plan of this work is 
essentially the same as that of the Text-Book on Chem- 
istry. It gives an abstract of the leading points of each 
lecture — ^three or four pages containing the matter ^one 
over in the class-room in the course of an hour. The 
lengthened explanations and demonstrations which must 
always be supplied by the teacher himself are, therefore, 
except in the more difficult cases, here omitted. The 
object marked out has been to present to the student a 
clear view of the great facts of physical science, and 
avoid perplexing his mind with a multiplicity of details. 

There are two different methods in which Natural 
Philosophy is now taught :---lst, as an experimental 
science ; 2d, as a branch of mathematics. Each has its 
own peculiar advantages, and the public teacher will 
follow the one or the other according as it is his aim to 
store the mind of his pupil with a knowledge of the great 
facts of nature, or only to give it that drilling which arises 
from geometrical pursuits. From an extensive compari- 
son of the advantages ci- these systems, I believe that 
the proper course is to teach physical science experi- 
mentally first — a conviction not only arising from consid- 
erations respecting the constitution *of the human mind, 
the amount Qf mathematical koiiprledge which students 
commonly possess, but also from the history of these 
sciences. Why is it that the most acute mathematicians 
and metaphysicians the world has ever produced for two 
thousand years made so little advance in knowledge, and 
why have the last two centuries produced such a won- 
deiiul revolution in human affairs ] It is from the lesson 
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first taught by Lord Bacon, that, so liable to fallacy are 
the operations of the intellect, experiment muse always 
be the great engine of human discovery, and, therefore, 
of human advancement. 

To teachers of Natural Philosophy I offer this book as 
a practical work, intended for the daily use of the class- 
room, and, therefore, so divided and arranged as to en« 
able the pupil to pass through the subjects treated of in 
the time usually devoted to these purposes. A great 
number of wood cuts have been introduced, with a view 
of supplying, in some measure, the want of apparatus or 
other means of illustration. The questions at ihe foot of 
each page point out to the beginner the leading facts 
before him. 

John William Drapes. 



UniTeraity, New York, 
My 16, 1847. 
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2 DISTINCTIVE PROFEETIEB. 

toa certain degree, it takes on the solid condition, as tee 
or snow ; and when its temperature ia sufficiently raised, lE 
aasames the gaeeoua etate, and ia then known as Bleani. 
Writere ou Natural Philosophy have fiMind ii convenient, 
for many reasons, to introduce iho term Vaport, meaning 
by that a gaa placed under such circumatancea that it ia 
leady to assume the lit|uid state, Aa the steam of water 
conforms to tbie condition, it is therefore regarded as a 



J resented, they exhibit certain properties: these are, first, 
lislinctive ; second. Essential ; third, Accessory. 
There is a certain bright white metal passing under the 
nams of Potassium, the distinctive character of which ia, 
Fig. 1. tbat, when thrown on the surface of water, it 
! to a violent reaction, a beautifal 
violet-colored flame being evolved. A piece 
of lead, which, to oxtornal appearance, ia 
' not uplilce tbe potassium when brought in 
contact with water, exhibits no such pbe- 
I, but, as everyone knows, remains quietly, neithor 
disturbinR the water nor being acted upon by it> 

Such diBtinctive qualities are the objects of a Chemist's 
studies. It belongs to his science to showhoWHome gases 
are colored and others colorless! some supporters of com- 
bustion, while others extinguish burning bodies; how some 
hquida can be deconwosed by Voltaic batteries andigome 
by exposure to a red heat. The gonem! doctrines of af 
finity, the modes in which bodies combine, and the char- 
RctcTS of the products to which they give rise — all these 
belong to Chemistry. 

But beyond these distinctive qualities of bodies, there 
are, aa has been observed, certain other properties whieli 
are uniformly met with in all bodies whatever, and heitca 
are spoken of as essential. They are, 

Eitcnaon. 

ImponGlrabiiiU. 

ISnchangeabillty. 

} mean that all substances, whatever 



nay the propeitiea of bodies ba Amid 1 Give ULA- 
properlieB. What u the object of Ihe scienoe'rf 
are the eaaenlial properties of bodieaT Wbat & 
' What by impenelrabiiily 7 
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, their volume or figTire (Bay be, occupy a deierminate por- 

tiun of space. We measure them b]r three dimcBiioiH — 

length, breadlb. and thickness. , ' 

iHPBKETRABiLljri points oul llifi fact that Wo bodies 

I cannot occupy the same ^acB at the same limt. If a nail 

% is driven into wood, 11 ertera only by separating the woody 

particles from each otber ; if it be dropped into nater, it 

docfi not penetrate, bat displaces the watery particles : 

and even in the case of aerial bodies, through which 

masses can move ■with appuemly little ru.t. 

resistance, the same ohserr&tiMi holds 

foi>d. Thus, if we take a mde-mouibed 
oltle, a. Fig. a, and insert through its 
cork a fimUel. i.with a narrow neck, and 
b1so a bent tube, r, which dips into a glasa 
of water, d, on pouring any liquid into 
the fuimql, so that it msy fall drop by drop 
into the bottle, we bIibII find, as this take? 
place, thai air passes out, btil'We after babble, through 
' the waler in d. The air is, therefore, not peoettaied by 
the water, but displaced. 

The wine fact may also be proved by '^- *■ 

taking a c'npping-glass, «, Fig. 3, and ii 
merging it, mouth downward, in a ^lass 
water, 4. If the aperture, c. of the cup- I 
ping-glasH be lefl open the atrwiti rush onl 
thr^gh it, and the water flow in below : 
but' if it be closed by the finger, as the ail- 
longer escape, the mater is un- 





able 
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Similar experiments establish the impenetrability of 
liquids by solids. If in a glass of water. Fig. 4, T\g. «. 
a leaden bullet ia immereed, it will be seen that 
as the bullet is introduced the water rises to a 
iigher level, showing, therefore, that a liquid can 
no more be penetrated by a solid than, as was seen 1 
in the former experiment, can a gas by a liquid. 
Two bodies cannot occupy the same space at ibe same 

The third essential property of matter b its uxchakoe- 

Si*e an illOBlralion lj>»t sir i> not pcneiraMe bj «»Wr. Gixeiinillg*- 
tntioii of ihe displaceinenl of >n Iqr walor. What is m*«iil bj oocbange- 
•biiity aa » property of bodia T 



4 UNCUANGEABILITY OF MATTER. 

ABILITY. This property may be looked upon as the foun- 
-dation of Chemistry ; and though there are many phenom- 
ena which we constantly witness which seem to contradict 
it, they form, when properly considered, striking illustra- 
tions of the gpeat truth that material substances can nei- 
ther be created nor destroyed, and that the distinctive 
qualities which appertain to them remain forever un- 
changed. The disappearance of oil in the combustion of 
lamps, the burning away of coal, the evaporation of wa- 
ter, when minutely examined, far from pfoving the per- 
ishability of matter, afford the most striking evidence of 
its duration. Nor is a solitary fact known in the whole 
range of Chemistry, Natural Philosophy, or Physiology, 
which lends the remotest countenance to the opinion that, 
either by the slow lapse of time or by any artificial pro- 
cesses whatever, can matter be created, changed, or de- 
stroyed. Even the bodies of men and animals, the struct- 
ures of plants, and all other objects in the world of organ- 
ization, which seem characterized by the facility with 
which they undergo unceasing and eventually total change, 
are no exception to the truth of this observation. The 
bodies which we possess to-day are made up of particles 
which have formed the bodies of other animals in former 
times, and which will again discharge the same duty for 
races that will hereafter come into existence. 

As illustrations connected with the extension and im- 
penetrability of matter, I may give the following in- 
stances : 

We are frequently required to measure the dimensions 
of bodies ; that is, to determine their length, breadth, or 
thickness. It is a much more difficult thing to do this ac- 
curately than is commonly supposed. It requires an artist 
of the highest skill to make a measure which is a foot or 
a yard in length, or which shall contain precisely a pint or 
a gallon. With a view of facilitating the measurement of 
bodies, a gi-eat many contrivances have been invented, 
Buch as verniers, spherometers, and screw machines of 
different kinds. 

The spherometer, which is a beautiful contrivance for 
measuring the thickness of bodies, is constructed as foi- 



ls there any reason to believe that new material particles can be ere 
ated by artificial processes, or old ones destroyed ? 




THE SP9ER0METER. 5 

lows : It has three horisontal steel branches, a^ h^ c. Fig. 
5, which form with each other i?^ 5, 

angles of 120 degrees. From the 
extremities of these branches 
there proceed three delicate steel 
feet, a, e^f, and through the cen- 
ter, where the branches unite, a 
screw, g, the thread of which is 
cut with great precision, and 
which terminates in a pointed 
foot, f, passes. The head of this 
screw carries a divided circle, i». 
Now, suppose the instrument is 
placed on a piece of flat glass, it 
will be supported on its three 
feet, which aie all in the same plane; but if in turning the 
screw we depress its point, t, beneath the plane of its feet, 
it can no longer stand with stability on the glass, but tot- 
ters when it is touched, and emits a rattling sound. By 
altering the screw, therefore, we can give it snch a posi- 
tion that both by the finger and the ear we discover that 
its point is level with the points d^ e^f* Now let the ob- 
ject, the thickness of which is to be measured, be placed 
on the glass, and the screw turned until the instrument 
stands without tottenng, it is obvious that its point must 
have been lifted through a distance precisely equal to 
* the thickness of the object to be measured, and the 
movement of the head of the screw read off upon the 
sc^e, n^ against which it works, indicates what that thick- 
ness is. 

This instrument, therefore, serves to show that in the 
measurement of small spaces, the senses of touch and 
hearing may often be resorted to with more effect than 
the eye. The spherometer is here introduced in connec- 
tion with these general considerations respecting the ex- 
tension of matter, as affording the student an illustration 
of the delicate methods we possess of determining the mi- 
nutest dimensions of bodies. 

As an illustration of the impenetrability of matter, the 
machine which passes under the name of the diving-bell 



Describe the Bpherometer. What is its use ? By what sensea may we 
oftan form a better estimate of amall spaces than by the eyel 



€ ACGE880RT PROPERTIES. 

§ 

may be mentioned. It consists of a vessel^ a, a, JFV^. 6, 
j^. «. of any suitable shape, and heavy enough 

to sink in water when plunged with its 
mouth downward. 0«ving to tb^ impen- 
etrability of the air the water is excluded 
from the interior, or only finds access to 
such an extent as coiTesponds to the press- 
ure of the depth to which it is sunk. 
Light is admitted to the boll through thick 
pieces of glass in its top, and a constant 
stream of fresh air thrown into it from a 
tube, b, and forcing-pump above, the at- 
mosphere in the inside being suffered to escape through 
a stop-cock as it becomes vitiated by the respiration of 
the workmen. Diving-bells are extensively resorted to 
in submarine architecture! and for the recovery of treas- 
ure lost in the sea. 




LECTURE IL 

Properties op Matter. — The Accessory Properties of 
Matter ,r^ Compressibility. — Expansibility. — Elasticity, 
— Limit of Elasticity. — Illustrations of Divisibility, — 
Porosity and interstitial spaces, — Weight, 

Physical Forces. — Attractive and Repulsive Farces, — 
Molecular Attraction, — Ctravitation, — Cohesion, — Con- 
atitution of Matter, 

Having disposod of the essential^ we pass next to a con- 
sideration of the accessory properties of matter. They are, 

Compressibility. 
FiXpansibility. 
Elasticity. 
Divisibility. 
. Porosity. 
Weight. 

That substances of all the three forms are compressi- 
ble is capable of easy proof In the process of coining, 
pieces of metal are exposed to powerful pressure between 
the steel dies, so that they become much denser than be- 

Describe the diving-bell. On what principle does it act ? "Why must 
the air in its interior be renewed from tmie to tiioe ? What are the acces- 
sory properties of matter ? 



EXPANSIBILITY AND ELASTICITY. 7 

fore. By indosiDg water or any other liquid in a strong 
vessel, and causing a piston, &yen by a screw, to act 
upon it, it may be reduced to a less space, and gaseous 
substances, such as atmospheric air when inclosed in an 
India-rubber bag, or even a bladder, may be compressed 
by the bands. 

Under the influence of heat all substances expand. 
This may be proved for such solids rig. 7. 

as metals by the apparatus represent- 
ed in Fig. 7. It consists of a stout 




board, a 6, on which are fastened two ^ ^ 

brass uprights, c, d, with notches cut in them so as to re- 
ceive the ends of a metallic bar, e. This bar is slightly 
shorter than the whole distance between the notches, so 
that when it is set in its place it can be moved backward 
and forward, and emits a rattling sound. But if boiling 
water be poured upon it, it expands and occupies the 
whole distance, and can no longer be moved. The ex- 
pansion of liquids is well shown in the case of common 
thermometers, which contain either quicksilver or spirits 
of wine — those substances occupying a greater voluine as 
their temperature rises. The air thermometer proves the 
same thing for gases. 

By elasticity we mean that quality by which bodies, 
when their form has been changed, endeavor to recover 
their original shape. In this respect there are great dif- 
ferences. Steel, ivory. India-rubber are highly elastic, 
and lead, putty, clay less so. Perfectly elastic bodies re- 
sist the action of disturbing causes without any ulterior 
change : thus a quantity of atmospheric air, compressed 
into a copper globe, recovers its original vdlume as soon 
as the pressure is removed, though it may have been shut 
up for years. By the limit of eloMicity we mean the 
smallest force which is required to produce a permanent 
disturbance in the structure of an imperfectly elastic 
body. No solid is perfectly elastic. An iron wire, drawn 
a little aside, recovers its original straight uess ; but if 
more violently bent, it takes a permanent set, because its 
limit of elasticity is overpassed. The elasticity of a given 

Gire proofs that solids, liquids, and gases are all compressible. How 
can it be proved that solids, liquids, aiM gases are expansible ? ^liat is 
meant by elasticity ? Give ezamplea of highly elastic and less elaauc 
bodies. What is meant by the finut of elasticity ? 
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substance can often be altered by mechanical processes, 
such as by hammering, or by heating and coolip^, as in 
theprocess of tempering. 

The divisibility oF matter may be proved in many ways. 
By various mechanical processes metals may often be re- 
duced to an extreme degree of tenuity : thus it is said 
that gold-leaf may be beaten out until it is only yir^^T of 
an inch thick. By chemical experiments a grain of cop- 
per or of iron may be divided into many millions of parts. 
For certain purposes artists have ruled parallel lines 
upon glass, with a diamond point, so close to each other 
that ten thousand are contained in a single inch. The 
odors which are exhaled by strong-smelling perfumes, as 
musk, will for years together infect the air of a large 
room, and yet the loss of weight by the musk is imper- 
ceptible. Again, there are animals whose bodies are so 
minute that they can only be seen by the aid of the mi- 
croscope. The siliceous shells of such infusorials occur 
in many parts of the earth as fossils. Ehrenberg has 
shown that Tripoli, a mineral used in the arts, is made 
up of these— a single cubic inch of it containing about 
forty-one thousand millions — that is, about fifty times as 
many individuals as there are of human beings on the face 
of the globe. 

As substances of all kinds may be reduced to smaller 
dimensions, either by pressure or the influence of cold, 
and as it is impossible for two particles to occupy the 
same place at the same time, or even for one of them par- 
tially to encroach on the position occupied by the other, 
it necessarily follows that there must be pores or inter- 
stices even in^;he densest bodies. Thus quicksilver will 
readily soak into the pores of gold, and gases ooze through 
India-rubber. Writers on Natural Philosophy usually 
restrict the term " pore" to spaces which are visible to 
the eye, and designate those minute distances which sep- 
arate the ultimate particles of bodies by the term ** inter- 
stices." 

All bodies have weight or gravity. It is this which 



How may the elasticity of a given substance be changed ? Give some 
illustrations of the ^reat divisibilitjr of matter, derived from mechanical, 
chemical, physiological, and geological facts. How may it be proved that 
all bodies are porous ? What is meant by a '*pore,** and what by <* inter- 
stices V* 



FORCES OF ATTRACTION AND REPULSION. 9 

causes them to fall, when unsupported, to the ground, or 
when '-supported, to exert pressure upon the supporting 
body. Nor is this property limited to terrestrial objects ; 
for in the same way that an apple tends to &11 to the earth, 
so too doeft the moon ; and all the planets gravitate to- 
ward each other and toward the sun. It was the consid- 
eration of this principle that led M. Leyerbter to the dis- 
covei*y of a new planet beyond Uranus — this latter star 
being evidently disturbed in its movements by the influ- 
ences of a more distant body hitherto anknown. 

Of Physical Forces.^-A11 changes taking place in 
the system of nature are due to the operation of forces. 
The attractive force of the earth causes bodies to fall, and 
a similar agency gives rise to the shrinking of substances— 
their parts coming closer together when they are exposed 
to the action of cold. In like manner, when an ivory 
ball is suffered to drop on a marble slab, its particles, 
which have been driven closer to one another by the force 
of the blow, instantly recover their original positions by 
repelling one another; that is to say, through the agency 
of a repulsive force. Of the nature of forces we know 
nothing. Their existence only is inferred from the effects 
they produce ; and according to the nature of those ef- 
fects, we divide them into Attractive and Repulsive 
FORCES — the former tending to bring bodies closer to- 
gether, the latter to remove them farther apart. 

It has been found convenient to divide attractive forces 
into three groups, according as the range of their action 
or the circumstances of their development differ. When 
the attractive influence extends only to a limited space, it 
is spoken of as molectdar attraction ; but the attraction of 
gravitation is felt throughout the regions of space. By 
cohesion is meant an attractive influence called into ex- 
istence when bodies are brought to touch one another. It 
is to be understood that these are only conventional dis- 
tinctions; and it is not improbable that all the phenomena 
of attraction are due to the agency of one common cause. 

Chemists have shown that, in all probability, material 
substances are constituted upon one common type. They 

What is meant by weight or gravity ? Is it limited to terrestrial ob- 
jects ? What is meant by forces ? How many varieties of them are there T 
Into what three gionps are attractive forces divided ? What is the dui- 
tinction between them? 

A* 
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ar« mado up of minute, indivisible particles, called atoms, 
which are arranged at variable distances from each other. 
These distances are determined by the relative preva- 
lence of attractive and repulsive forces, resident in or 
among the particles themselves ; and so too is the form 
of the resulting mass. If the cohesive predominates over 
the repulsive force, a solid bodv is the result ; if the two 
are ecjual it is a liquid, and if the repulsive prevails it 
is a f^. 

There are many reasons which lead us to suppose that 
the ropulflivo force, which thus tends to keep the particles 
of matter asunder, is the agent otherwise known as heat 
Whenever the temperature of a body rises it enlarges in 
volume, because its constituent particles move from each 
other, and on the temperature falling the reverse effect 
ensues. If, as many verv eminent philosophers believe, 
beat and light are in reality the same agent, it follows, by 
a necessary consequence, as will be gathered from what 
we shall hereafter have to say on optics, that the atoms of 
biNlios vibroto unceasingly, and that instead of there be- 
ing that perfect quiescence among them which a superfi- 
cial examination suggests, all material substances are the 
seat of mci\\HU}ry movements, many millions of which are 
executed in the space of a single second of time ; the 
number increasing as the temperature rises, and dimin- 
ishing as it falls. 

Whiit to thA truit conRtitiition of material subaUncos T What are the 
loTCM rrftklinff among tha uarUclei of bodiea ? What are the Goodiiioiw 
Whirli «lrt<irmliio tha aolid, ii<iui<l, ami gaseous forms ? What ia probably 
ihm natitrn of thn forcn of molncular repulsion? If light and heat are the 
Niron «ff«nt, whit u the condition of the partidea of bodiea T 
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PROPERTIES OF THE AIR. 

PNEUMATICS 

LECTURE III. 

STATURAL Philosophy. — Observations on this branch of 
Science. 

Pneumatics. — General Relations of the Air. — Its connec' 
tion with Motion and Organization. — Limited Extent, 
— Constitution. — CompressiMHty. — Causes which Limit 
the Atmosphere, — Its Variable Densities. — Proportion^ 
ality of its Elastic Force and Pressure, 

A VERY superficial knowledge of those parts of the 
world to which man has access readily leads to their class- 
ification under three separate heads — the air, the sea, and 
the solid earth. This was recognized in the infancy of 
science, for the four elements of antiquity were the di- 
visions which we have mentioned, and fire. 

Natural Philosophy or Physical Science, which, in 
its extended acceptation, means the study of all the phe- 
nomena of the material world, may commence its inves- 
tigations with any objects or any facts whatever. By pur- 
suing these, in their consequences and connections, all the 
discoveries which the human mind has made in this de- 
partment of knowledge might successively be brought 
forward. But when we are left to select at pleasure our 
point of commencement, it is best to follow the most nat- 
ural and obvious course. All the advances made in our 
times by the most eminent philosophers, and our powers 
of appreciating and understanding them, depend on clear- 
ness of perception of the great fundamental facts of sci- 
ence — a perspicuity which can never arise from mere ab- 
stract reasonings or from the unaided operations of the 

What were the elements of the ancients ? VHiAt^iB^^tilY^K^&iin^X 
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12 RELATIONS OF THE ATMOSPUERE. 

human intellect, but which is the natural consequence of 
a familiarity with absolute facts. These serve us as our 
points of departure, and in the more difficult regions of 
science they are our points of reference — often by their 
resemblances, and even by their differences, making plain 
what would otherwise be incomprehensible, and spread- 
ing a light over what would otherwise be obscure. 

In the three divisions of material objects, which are so 
strikingly marked out for us by nature, we find traits that 
are eminently characteristic. All our ideas of perma- 
nence and duration have a convenient representation in 
the solid crust of the earth, the mountains, and valleys, 
and shores of which retain their position and features un- 
altered for centuries together. But the air is the very type 
and emblem of variety, and the direct or indirect source 
of almost every motion we see. It scarce ever presents 
to us, twice in succession, the same appearance ; for the 
winds that are continually traversing it are, to a proverb, 
inconstant, and the clouds that float in it exhibit every 
, possible color and shape. It is, in reality, the grand ori- 
gin or seat of all kinds of terrestrial motions. Storms in 
the sea are the consequences of storms in the air, and even 
the flowing of rivers is the result of changes that have 
transpired in the atmosphere. 

But the interest connected with it is far from ending 
here. The atmosphere is the birthplace of all those 
numberless tribes of creation which constitute the vege- 
table and animal world. It is of materials obtained from 
it that plants form their different structures, and, therefore, 
from it that all animals indirectly derive their food. It is 
the nourisher and supporter of life, and in those process- 
es of decay which are continually taking place during 
the existence of all animals, and which after death totally 
resolve their bodies into other forms, the air receives the 
products of those putrefactive changes, and stores them 
up for future use. And it is one of the most splendid 
discoveries of our times, that these veiy products which 
arise from the destruction of animals are those which are 
used to support the life and develop the parts of plants. 
They pass, therefore, in a continual circle, now belong* 
ing to the vegetable, and now to the animal world ; 

What api>eaT8 to be the leading characteristic of the atmosphere? What 
are its relations to the organic world f 
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they coma from the air, and to it they again are re- 
stored. 

It is not, therefore, the beautiful blue color which the 
air possesses, and which people c^ommonly call the sky, 
or the points of light which seem to be in it at night, or 
the moving clouds which overshadow it and give it such 
varied and fantastic appearances^ or even those more im- 
posing relations which bring it in connection vrith the 
events of life and death, which alone invest it with a pe- 
culiar claim on the attention of the student. Connected 
as it is with the commonest every-day facts, it furnishes 
us with some of our most appropriate illustrations — those 
simple facts of reference of which I have already spoken, 
and to which we involuntarily turn when we come to in- 
vestigate the more difficult natural phenomena. 

Astronomical considerations show that the atmosphere 
does not extei^d to an indefinite region, but surrounds the 
earth on all sides to an altitude of about fifty miles. Com- 
pared with the mass of the earth its volume is quite insig- 
nificant ; for as it is nearly four thousand miles from the 
sUtface to the center of the earth, the whole depth of the 
atmosphere is only about one-eightieth part of that dis- 
tance. Upon a twelve-inch globe, if we were to place a 
representation of the atmosphere, it would have to be less 
than the tenth of an inch thick. 

Seen in small masses, atmospheric air is quite colorless 
and perfectly transparent. Compared with water and 
solid substances, it is very light. Its parts move among 
one another with the utmost facility. Chemists have 
proved that it is not, as the ancients supposed, an ele- 
mentary body, but a mixture of many other substances. 
It is enough at present for us to know that i(^ leading 
constituents are two gases, which exist in it in fixed qaati- 
tities — they are oxygen and nitrogen — but other essential 
ingredients are present in a less proportion, such as car- 
bonic acid gas, and the vapor of water. 

Atmospheric air is taken by natural philosophers as 
the type of all gaseous bodies, because it possesses 
their general properties in the utmost perfection. In- 
dividual gases have their special peculiarities — some, for 

What is the altitude of the atmosphere ? What comparison does this 
bear to the man of the earth ? What are its general properties ? What 
bodies constitute it ? Of what cliwe is it the type ? 
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example, are yellow, some green, some purple, and some 
red. 

The first striking property of atmospheric air which we 
encounter, is the facility with which the volume of a given 
quantity of it can be changed. It is highly compressible 
and perfectly elastic A quantity of it tied tightly up in 
a bladder or India-rubber bag, is easily forced, by the 
pressure of the hand, into a less space. The materiality 
of the air, and its compressibility, are simultaneously il- 
lustrated by the experiment of the diving-bell, described 
under Fig, 6. A vessel forced with its mouth downward 
under water, permits the water to enter a little way, be- 
cause the included air gOes into smaller dimensions 
under the pressure ; but as soon as the vessel is again 
brought to the surface of the water, the air within it ex- 
pands to its original bulk. 
Fig. 8. This ready compressibility and expansibility may 

Obe shown in many other ways. Thus, if we take 
a glass tube. Fig. 8, with a bulb c, at its upper 
end, the lower end being open and dipping into a 
vessel of water, d^ and having previously partially 
filled the tube with water to the height, a, it will be 
found, on touching the bulb with snow, or by pour- 
ing on it ether, or by cooling it in any manner, that 
the included air collapses into a less bulk. It is 
therefore compressible, and on warming the bulb 
with the palm of the hand,, the air is at once dilated. 

It is this quality of easy expansibility and compressi- 
bility which distinguishes all gaseous substances from sol- 
ids and liquids. It is true the same property exists in 
them, but then it is to a far less degree. On the hypoth- 
esis that material bodies are formed of particles which do 
oot touch one another, but are maintained by attractive 
and repulsive forces at deteiminate distances, it would 
appear that, in a gas like atmospheric air, the repulsive 
quality predominates over the attractive ; while in solids 
the attractive force is the most powerful, and in liquids 
the two are counterbalanced. 

Again, as respects relative weight, the gases, as a 
tribe, are by far the lightest of bodies ; and, indeed, it is 

How may it be" proved to be compressible ? What does the diving-bell 
prove ? Describe the experiment, Fig. 8. In gaseous bodies does the at- 
tractive or repulsive force predominate J 
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aiDODg them that we find the lightest substance in nature 
— hydrogen gas. They are, moreover, the only perfectly 
elastic substances that we know. Thus, a quantity of at- 
mospheric air compressed into a metal reservoir will re- 
gain its original volume the moment it has the opportuni- 
ty no matter how great may be the space of time since 
it was first shut up. 

Under a relaxation of pressure this perfect elasticity 
displays itself in producing the expansioft of a ^*£^'* 
gas. If a bladder partially full of atmospheric 
air be placed under an air-pump receiver, as the* 
pressure is removed it dilates to its full extent, 
and might even be burst by the elastic force of 
the air confined within. The force with which 
this expansion takes place is very well display- 
ed by putting the bladder in a frame, as shown in Fig, 
10, and loading it with heavy weights ; as it ng. lo. 
expands by the spring of the air, it lifts up all 
the weights. 

' If we were to imagine a given volume of 
gas placed in an immense vacuum, or under 
such circumstances that no extraneous agen- 
cy could act upon it, it is very clear that its 
expansion would be indefinitely great — the 
repulsive force of its own particles predom- 
inating over their attraction, and there being nothing to 
limit their retreat from one* another. But when a gas- 
eous mass surroupds a solid nucleus, the case is different 
^-an expansion to a determinate and to a limited extent 
is the result. And these are the circumstances under 
which the earth and every planet surrounded by an elas- 
tic atmosphere exists ; for in the same way that our globe 
compels an unsupported body to fall to its surface, and 
makes projectiles as bomb-shells and cannon-shot — ^no 
matter what may have been the velocity with which they 
were urged — return to the ground, so the same attractive 
force restrains the indefinite expansion of the air, and 
keeps the atmosphere, instead of diffusing away into empty 
space, imprisoned all round. 

Besides this cause— gravitation to the earth — a second 

Are gases perfectly elastic T What does experiment Fig. 9 prove ? What 
would happen to a volume of gas placed in an indefinite vacuum ? What 
limits the atmosphere to the earth ? 
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one, for the limited extent of tbe atnaospliere, nay also 
be amigned-'contraction — arising from cold« Observa- 
tion has shown that, as we rise to greater altitudes in the 
air, the cold continualiy increases ; and gases, in common 
with all other forms of body, are condensed by cold. 
The attempt at unlimited expansion which the atmos- 
phere, by reason of its gaseous constitution exerts, is, 
therefore, kep^n bounds by two causes — the attractiye 
force of the elBth and cold^— and accordingly its altitude 
does not exceed fifty miles. 

From the circumstance that air is thus a compressible 
body, we might predict one of the leading facts respect- 
ing the constittition of the atmosphere-^it is of unequal 
densities at different heights. Those portions of it which 
are down below have to bear the weight of the whole su- 
porinctimbent mass ; but this weight necessarily becomes 
JOSS and loPS as wo advance to regions which are higher 
and higher; for in those places, as there is less air to press, 
the pressure must be less. And all this is verified by ob- 
servation. The portions which rest on the ground are o^ 
the greatest density, and the density steadily diminishes 
as wo rise. Moreover, a little consideration will assure 
us that there is a very simple relation between the press- 
ure which the air exerts and its elastic force. Consider 
tm condition of things in the air immediately around us : 
if its ohistic force were less, the weight of the superinciMD- 
bont mass would crush it- in ; if greater, the pressure 
CH>u)d no longt>r restrain it, and it would expand. It fol- 
k>\V!», theit^fore, in the necessity of the case, that the elas- 
tic t\>nt> t>f any gas is neither greater nor less, but pre- 
cWly et)ual to the pressure which is upion it. 

NVKiii i* iIm» «f<NicY of cokl in this rranect t Why is the aUnoephere of 
wk^xmI ^NHwniy m tdilT^rmi h<n|hu * What rdaiion is there between its 
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"Weight and Pressuke o: 
.r-jiu'>np.——It* Action.- 



THE Air. — Description of jA« 
-Limited Exhavttitm. — Fun- 
damental Jact that Air has vieigkt. — Rdatire weight of 
other Gases. — Weight gives rise to Pressure. — Experi- 
ments illustrating the Pressure of the Air. 
In the year 1560, Otto (luericke, a German, inventeii an 
instrument which, fW>m ita use, passes under the name of 
the air-pump, and exhibited a Dumber of very etrikin^ 
experimeDta before the Emperor Ferdinand III. Thi» 
incident forms an epoch m physical science. 

Olto Guericke's iDBtrument waa imperfect in construc- 
aDd difficult of management. The apparatus 



'e conveDient ma- 
The following is a 
: Upon a •etallic 



quired to be kept undei 
chines have, therefore, been de* 
description of one of the 
basis, // Fig. 11, 
are fastened two ex- 
hausting syringes, a 
a, which are worked 
byaaeausofahandle, 
h, the two screw col- 
umns, i2 d, aided by 
the cross-piecd, e e, 
tightly compressing 
them into their pla- 
ces. A jar, e, called 
a receiver, the mouth 
of which is carefully '■ 
ground true, is pla- 
ced on the plate of 
the pump, fy, which is formed of a piece of metal or 
glass ground quite flat This pump-plate is perforated in 
its center, from which air-tight passages lead to the bot- 

Whon and by whom was Ihe air-pump invented ? Give a dRscripIion ot 
its geiieial eitemal (ppearaDce. What is Ihe receiver? What is tbe 
pump-plate T Wbat pauigea lead from Ihe center of the pUte 1 What 
u the UH of the acnw t f 
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torn of each syringe, and when the handle, b, is moved 
the Byringea withdraw die air from the interior of the jar. 
From the same central perforation there is a third pass- 
age, which can be opened or closed by the screw at g, eo 
that when the expemnents are over, by openinji; it the air 
can be readmilled into the interior of the receiver. 

So far as ita exterior parts are concerned, this air-pump 
consista of a pair of syringea worked by a handle, ana 
producing exhaustion of the interior of a jar, with a vent 
which can be closed or opened for the readtnission of air. 
The syringes are constructed 
exactly tJike. The glass model 
represented in Fig. 12 exhibit! 
their interior ; each consists of a 
cylinder, a a, the interior of which 
is made perfectly true, so that Jl 
piston or plunger, d, introduced at 
the top maybe pushed to the bot- 
m, and, indeed, work i)p and 
down without any leakage. There 
a hole made through the piston, 
d, and over it avalve ia laid. This 
consists of a flexible piece of mem- 
brane, as leather, silk, &c., which 
being placed on the aperture opens 
in one direction and closes in the 
other. Such a valve is in the pis* 
d there is another o 
the bottom of the cylindei 

To understand the action of thia inatrument, let us sup- 
pose a glass globe full of atmospheric air to be fastened 
air-tight to the bottom of such a eyringe, and the piston 
then lifted to the top of the cylinder. As it moves with- 
out leakage, it would evidently leave a. vacuum below it 
were it not that the air. in the globe, exerting its elastic 
force, pushes up the valve c, and expands into the cylin- 
der, in this way, therefore, by the upward movement of 
the piston, a certain quantity of air comes out of the globe 
and litis the cylinder. The piston is now depressed: the 
moment it begins to descend, the valve e, which leads 

What are (be parts of each sycingeT How man j valves hai it I Which 

W»y do they open T Deacribe w"-' •-■- '— -"— ' "- ' -~ 

of the piaton. Wb4l takes plac 
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into the globe, sbuts ; and now as the piston conies down 
it condenses the air below it, and as this air is condensed 
it resists exerting its elastic force. The piston-valve, d, 
under these- circumstances, is pushed open, and the com- 
pressed air gets away into the atmosphere. As soon as 
the piston has reached the bottom of the cylinder all the 
air has escaped, and the process is repeated precisely as 
before. The action in the syringe is, therefore, to draw 
out from the globe a certain quantity of air at each up- 
ward movement, and expel this quantity into the air at 
each downwsn-d movement. 

For reasons connected with the great pressure of the 
air, and also for expediting the process of exhaustion, two 
syringes are commonly used. To their pistons are at- 
tached rods which terminate in racks, b h ; between 
these there is placed a toothed wheel, which is turned on 
its axis by the handle, its teeth taking into the teeth of 
the racks. When the handle is set in motion and the 
wheel made to revolve, it raises one of the pistons, and at 
the same time depresses the other. The ends of these 
racks are seen in Fig, 12, The wheel is included in the 
transverse wooden bar, e e, Fig, 11. 

By the aid of this invaluable machine numerous striking 
and important experiments may be made. The form de- 
scribed here is one of the most simple, and by no means 
the most perfect. For the higher purposes of science 
more complicated instruments have been contrived, in 
which, with the utmost perfection of workmanship, the 
valves are made to open by the movements of the pump 
itself, and do not require to be lifted by the elastic force 
of the air. In such pumps a far higher degree of rare- 
faction can be obtained. 

No air-pump, no matter how perfect it may be, can 
ever make a perfect vacuum, or withdraw all the air from 
its receiver. The removal of tlm air depends on the ex- 
pansion of what is left behind, and there must always be 
that residue remaining which has forced out the portion 
last removed by the action of the syringes. 

The fundamental fact in the science of Pneumatics is, 
that atmospheric air is a heavy body, and this may be 

How are the pistons moved by the rack ? What contrivances are intro- 
duced in the more perfect air-pumps ? Can any of these instruments 
make a perfect vacuum ? What is tne cause of this ? 
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proved in a very satisfactory manner by tbe aid of the 

pump. Let there be a glass 
flask, a, Fig. 13, the mouth of 
which is closed with m stop-cock, 
through which the air can be re- 
moved. If from this flask we ex- 
haust all the air, and then equi- 
poise it with weights at a balance 
as soon as the stop-cock is open- 
ed and the air allowed to rush in 
the flash preponderates. By add- 
ing weights in the opposite scale, 
we can determine how much it 
requires to bring the balance 
back to equilibrio, and there- 
fore what is the weight of a vol- 
ume of air equal to the capacity 
of the flask. 

Upon the same principles we 
can prove that all gases, as well 
as atmospheric air, have weight 
It is only requisite to take the exhausted flask, and hav- 
ing counterpoised it as before, 
screw it on to the tc^ of a jar, 
Cf Fig. 14, containing the gas 
to be tried. On opening the 
stop-cocks, e d^ the gas flows 
out of the jar and fills the flask, 
which, being removed, may be 
again counterpoised at the bal- 
ance, and the weight of the gas 
filling it determined. There are 
very great differences among 
gases in this respect. Thus, 
if we take one hundred cubic 
inches of the following they will severally weigh : 

Hydrogen 2-1 grains. 

Nitrogen ....*... 301 " 

Atmospheric air 31'0 ** 

Carbonic acid . . ". . . . . 47*2 ** 

Vapor of Iodine 269*8 




FigAA. 
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What is the fundamental fact in Pneumatics ? How may the vveight of 
the air be proved ? How do other gasea compare with it in this respect ? 
Mention some of them. 




PRESSURE OF THE AIR- 21 

From the fact that the air has weight, it necessarily 
follows that it exerts pressure on all those portions that 
are in the lower regions, having to sustain the weight 
of the massifs above. And not only does this hold good 
as respects the aerial strata themselves, it also holds 
for all objects immersed in the air. In most cases, the 
resulting pressure is not detected, because it takes effect 
equally in all directions, and pressures that are equal and 
opposite mutually neutralia^e each other. 

But when by the air-puftip we remove the pressure 
from one side of a body, and still allow it to be exerted 
on the other, we see at once abundant ^^- ^' 

evidence of the intensity of this force. 
Thus, if we take a jar, Fig. 15, open at 
both ends, and having placed it on the 
pump-plate, lay the psdm of the hand 
on the mouth of it ; on exhausting the 
air the hand is pressed in firm contact 
with the jar, so that it cannot be lifted without the exer* 
tion of a very considerable force. 

In the same way, if we tie over ajar a piece of blad- 
der, and allow it to dry, it assumes, of course, a perfectly 
horizontal position ; btH; on exhausting the air within very 
slightly, it becomes deeply depressed, and is ^/r- ig- 
soon burst in ward with a loud explosion. This 
simple instance illustrates, in a very satisfacto- 
ry way, the mode in which the pressure of the 
air is thus rendered obvious ; for so long as 
the jar was not exhausted, and had air in its 
interior, the downward pressure of the atmosphere could 
not force tKe bladder inward, nor disturb its position in 
any manner : for any such dbturbance to take place the 
pressure must overcome the elastic force of the air with- 
in, which resists it, pressing equally in the opposite way 
But on the removal of the air from the interior, the press- 
ure above is no longer antagonized, and it takes effect 
at once by crushing the bladder. 

Why does the air exert pressure ? What follows on removing the press- 
ore from one side of a body ? Describe the experiment in Figa. 15 and 16. 
Why is not the bladder crushed in until the ait is exhausted ? 
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LECTURE V. 

The Pressure of the Air. — The Mtigdehwrg Hemu- 

pheres, — Water supported by Air, — The Pneumatic 

Trough. 
The Barometer. — Description of this Instrument, — Cause 

of its Action, — Different kinds of Barometers, — MaU- 

urement of Accessible Heights, 

Many beautiful experiments establish the fact that the 
atmosphere presses, not only in the downward direc- 
tion, but also in every other way. Thus, if we take a pair 
Fig. 17 of hollow brass hemispheres, a 6, Fig, 17, which 
fit together without leakage, by means of a flange, 
and exhaust the air from their interior through a 
stop-cock affixed to one of them, it will be found 
that they cannot be pulled apart, except by the 
exertion of a very great force. Now it does not 
matter whether the handles of these hemispheres 
are held in the position represented in the fig- 
ure, or turned a quarter way round, or set at any an- 
gle to the horizon they adhere with equal force togeth- 
er; and the same power which is required to pull them 
asunder in the vertical direction, must also be exerted in 
all others. This, therefore, proves that the pressure of 
the air takes effect equally in every direction, whether up- 
ward, or downward, or laterally. 

Fiff. 18. In Fig: 18 a very interesting experiraentii^p 
resented. We take a jar, a, an inch or two vtFide 
and two or three feet long, closed at one end and 
open at the other, and having filled it entirely with 
water, place over its mouth a slip of writing pa- 
per, b. If now the jar be inverted in the position 
represented in the figure, it will be seen that the 
^^ column of fluid is supported, the paper neither 
zS/^ dropping off nor the water flowing out. This 
remarkable result illustrates the doctrine of the up- 
ward pressure of the air. Nor does it even require that 

Prove that tlie air presses equally every way. Describe the. apparatus 
in Fig. 18. Why does not the paper fall from the mouth of the jar ? 
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a piece of paper should be used provided tbe glass has 
the proper form. Thus, let there be a bottle, a, ^5^l5l 
JFig. 19, in the bottom of which there is a large 
aperture, b. If the bottle be filled with water, 
and its mouth closed by the finger, the water will 
not flow out, but remain suspended. And that 
this result is due to the upward pressure of the 
air is proved by moving the finger a little on ^ 
one side, so as to let the air exert its pressure on the top 
as well as the bottom of the water, which immediately 
flows out. 

If we take a jar, <z. Fig, 20, and having filled it full of 
water, invert it as is represented, in a f^- ^ 

reservoir or trough : for the reason ex- 
plained in reference to Fig. 18, the 
water will remain subtended in the 
jar. Such an arrangement forms the 
pneumatic trough of chemist^. It en- 
ables them to collect the vanous gas- 
es without intermixture with atmos- 
pheric air; for if a pipe or tube 
through which such a gaS is coming be depressed beneath 
the mouth of the jar a, so that the bubbles may rise into 
the jar, they will displace the water, and be collected in 
the upper part without any admixture. 

If in this experiment we use mercury instead of water, 
the same phenomenon ensues — the mercury being support- 
ed by the pressure of the air. Now it might be inquired, 
as tbe atmosphere only extends to a certain altitude, and 
therefore presses with a weight which, though great, must 
necessarily be limited, whether that pressure could sus- 
tain a column of mercury of an unlimited length ? If we 
take a jar a yard in length, and fill it with mercury, and 
invert it in a trough, it will be seen that tbe mercury is 
not supported, but that it settles from the top and de- 
scends until it reaches a point which is about thirty inches 
above the level of the mercury in the trough. Of course, 
as nothing has been admitted, there must be a vacant 




Will the same take place without any paper ? Prove that it is due to 
the upward pressure of the air. What is the pneumatic trough? On 
what principle does it depend ? Will the same take place if mercury is 
used instead of water? Wliat takes place when the jar is more than thirty 
inches high ? 



S6 MEABUEE or ATMOtPBBEIO PKEEEUEE. 

■tandiog at a lower point as it is carried to a higher p( 
tion. In practice it is more complicated, and to obtain 
act results various methods have been given by L^li 
Baily, Littrow, and others. 



LECTURE VL 

The Pressure op the Air. — Meoiwre of the Force \ 
which the Air presies. — Different MaJes of JS^mm 
it. — Experiments Illustrating this Force. 

Elasticity op the Air. — Experimental IHutiratitm 
The Condenser. 

Having, in the preceding lecture, explained the ci 
and illustrated the pressure of the air, we proceed in 
next place to determine its actual amount. 

f^-^ There are many wayi 

which this may be done. ! 
following, is simple : Tai 
pair of Magdeourg hei 
pheres, the area of the i 
tion of which has been ] 
yiously determined in sqv 
inches; exhaust them as ] 
fectly as possible at the pn; 
and then, fastening the k)^ 
handle, a, to a firm supp 
hang the other, h, Fig. 24, to the hook of a steely 
and move the weight until the hemispheres are pn 
apart. It will be round that this commonly takes pi 
when the weight is sufficient to overcame a preaaure 
£fbeen pounds on every square inch. 

This may serve as an elementary illustration, but tl: 
are other methods much more exact. Thus, by the 
rometer itself we may determine the value of the press 
with precision. Jf we had a barometer which was 
actly one square inch in section, and weighed the qua 
ty of mercury it contained at any given time, it wc 

What may the Magdeburg bemigphera be made to prove ? How 
the same be proved by the Mrometar ? What ia the preaaure of the a 
ooe aquare inch T 
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give us the rslne of the atmospbeno pressure on one 
square inch, becauae the weight of the mercurj is e^nkl 
to the pressure of the air. And by calculation we cm; in 
lik^ manner, obtain k from tubes of any diameter. 

The phenomena of the barometer tehcfa- us that this 
pressure is not always the same, but it undergoes varia- 
tions. It is commonly eaiimated at fifteen pounds on the 
square inch. 

There are two other ways in 'which the Talue of the 
pressure of the air is stated. It is equal to a column of 
mercury thirty inches in length, or to a column of water 
thirty-four feet in length. 

We are now able to understand the reason of the great 
^ects to which the pressure of the air may give rise. In 
most instances these effects are neutralized by counter- 
vailing pressures. Thus, the body of a man of ordinary 
size has a sur&ce of about two thousand sqnare incbee, 
the pressure upon which is equal to thirty thousand ponnds. 
Bat this amacing force is entirely neatralized, because, 
OS we have seen, the atmospheric pressure is equsl io all 
directions, upward, downward, and laterally. All the 
cavities and the pores of the body are filled Kg. as. 
with air, which presses with an equal foree. 

The following experiments may further 
illustrate the general principle of atmospher- 
ic pressure: 

On astnall,flatplate,(i, fV^. 25, faraished 
with a stop-cock, h, which terminates in a , 
narrow pipe, e, let there be placed a tall re- I 
ceiver firom which the air is to be exhausted 
by the pump. The stop-cock h being clo- j 
Bed, and the instrument being removM from ^ 
the pump, i is to be opened, while the lower 
portion of its tube dips into a bowl of water. 
Under these circumstances the water is 
pressed up in a jet throng e, and forms a 

On the top of a receiver. Fig, 26, let * 
there be cemented, air-tight, a cup of wood. 



What i(ih«lmgtbafui«qiiiTri«tcolamB of meicdirT Whmt iahin 
tba cwaof w*tsrl What amoimt ef pramra b tbtra on tba bodr of ■ 
Bumt B; wh*t i* tbU evDDtenctadl Deambs ths tbanUtin ioTtewi. 
How JBM.J meicwT ba iiicmiJ thnoih llw porao nt mmd T 
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a, tens'.natine in a rvlindrical piece, &, the 
pore= of wriich run lea stb wise. Beneath this 
iel there be placed a tail jar. r. Now, if tbe 
wrK^ien cup be filled wiih quicksilver, the jar 
bein^ previoufrlj placed on the pump, and ex- 
haustion made, the metal will be pressed 
throus^h the pores of the wood and aescend 
in a ftiiver shower. The jar, r, should be so 
placard as to prevent any of the quicksilver 
thr; interior of tbe pump. 
1'hf;re arc many substances which exist in 
th'; liquid condition, merely because of tbe press- 
ure of the air. Take a glass tube. A, Fig. 27, 
clotted St one end and open at tbe other, and 
havin(( filled it with water, invert it in a jar, B; 
introduce into it now a little sulphuric ether, 
H which will rise, liecause of its lightness, to the 
t/ip of the tube, at a. Place the apparatus be- 
nenth the receiver of the air-pump, and exhaust. The 
ether will now be seen to abandon the liquid and assume 
the yt,'^%v.tm% form, fillin^r the entire tube and looking liks 
iiir. ^/nnllowinj; the pressure again to take eflect, it again 
rel;iff4«T«i info the lirpiid form. 

iTif vf. The following experiments illustrate tbe elas- 
ticity of the air : 

7 ake a glass bulb, a, Fig. 28, which has a 
•^ ^™^ tube, //, projecting from it, the open extremity 
of which di|)H beneath some water in a cup, c; 
the tube and tho bulb being likewise full of 
Wfitrtr, except a small space which is occupied 
fiv a bubble of air at a. Invert over the whole 
f» jfir, //, and, placirijBf the arrangement on the pump, ex- 
hiHiKf. If will bi) found, as tho exhaustion goes on, that 
fhe biibbhi n Ntendily increases in size until it fills all 
fill* bulb, mid even the tube. On readmitting the press- 
iiffi ihn bubble collapses to its original size. The air 
la, fhereffiro, dihttablo and condensible — that is, it is 
elnnf if'.. 

If II boll In, the sidrm of which are square and the mouth 
hei'iiinfi cully -cloNnd, bo ])lacod bonoath a receiver, and 

Why fliMiM Mtilplitirii^ ullmr rHain Iho liquid itiite ? When the pressnre 
iM iniiiiiviMl wliHl liHi'oiiiiiii ijf thu othurT What does experiment Fig. 28 
|ir»vi*? 
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the pressure removed, i^e air imprisoned 111 
the interior exerting its elaadc force, will vio- 
lently hurat the bottle to pieccMu . It is, there- 
fore, well to cover it .with a wire cage, as rep- 
resented in Fig, 29. 

The elastic force of die air increases with its 
density. Powerful effects, therefore, arise by 
condensing air into a limited space. The con- 
denser, which is* an instrument for this pur- 
pose, is represented in Fig, 30. It consists 
of a tube, a b, in yrhich there moves by a 
handle, g, a piston J^ In one side of the tube, 
at c, there is an aperture> and at the lower 
part, d, there is a valve, e, opening down- 
ward. On pushing the piston down, the air be- 
neath it is compressed, and, opening the valve 
e, by its elastic force, accumulates in the re- 
ceiver, R. AVhen the piston is pulled up a 
vacuum is made in the tube ; but as soon as 
it passes the aperture, c, the air rushes in. 
Another downward movement drives this 
through the valve into the receiver, and 
the process may be continued until the elas- 
tic force of the included air becomes very 
great. 

If the receiver be partly filled with water, 
and there be placed in it a piece of wax, an egg^ 
or any yielding or brittle bodies, it will be found 
impossible to alter their figure by condensing 
the air to any extent whatever. And this arises 
from the circumstance already explained — that 
the pressure generated is equal in all direc- 
tions. 

The Cartesian image is a grotesque figure, 
made of glass. Fig. 31, hollow within and filled 
with water to the height c d. The upper part, 
a, is filled with air. The water is introduced through the 
tail, &, and the quantity of it is so adjusted that the figure 
just floats in water. If, therefore, it be placed in a deep 

Under what circumstances may flat bottles be broken ? What relation 
is there between elastic force and density ? Describe the condenser. Why 
are not brittle bodies broken in such an instrument T What is the reason 
of the motions of the Cartesian images ? 
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jar •^■iit« full Af that liquid, ud %<wr of IndiarTnbber 
rt M "r bladder ti«d on, a> ■««>■ ia f ij*. 32, tbe fig- 
, uro flnau up at tkatop; but bf preaaing with 
tlic fini^ on the corer, mom wmtar ia forced into 
tin interior, through the tail, t, and it deacenda 
L'l tbe liotioni. On remoTiDg the finger tbe danic 
form of the air, a, drives out tfaia exc»aa of wi- 
, and the image, becoming lishter, lemacendi. 
ir the tail be turned on one aide, as repreaent- 
etl, the efflux of the water taking eBect inalat 
enl direction, the Ggure apins round in its taan- 
menia and performs grotesque eToIutione. 

On prcciHely the same principle, if a uull 

"' '^ l>)a<)der, only parti; fiill of air, be sank bj ■ 

^^ wnight, Fi^. 33, to the bottom of a deep ^aM 

/^ , j\ «f water, on covering the whole with a n- 

!■ Ill rnivnr and oxhauating, the eleaticforce of tba 

l^^l ineliiiled air dilates the bladder, whieb iis» 

V^^fl to the top, carrying with it the weiglit- 

^^^|l Whan the pressure is readmitted the blad> 

^jB ^^ ilm- cfillapMs and descends again to the bat- 

'--"-^^ trm (if the jar. 

'flmrn nrn intmnrnim machines in which tbe elaatio force 

•rf air i* lir(>ii{(ht into operation, such as tbe air-giu, 

hlxwiiiif mnohiticn, Scr.. Indeed, the various appIicBtiou 

lit ^iiiif><>wrl«r itiwtf dripund on this principle — that ma- 

iAM»l <ni i{(i)iii<in auildcnly giving rise to the evolution of 

«<i iMtnrtina ijuatitity of goa, which exerts a great elaatio 
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LECTURE VtL 

t^ROPERtiES OF THE AvBL,-^Marriotte' » Law,r^Pr6rffar 
Compregsions and DilcUations, — Case in which it Fails. 
— Resistance of the Air to Motion^ — The Parachute. — 
The Air transmits Sound; supports Animal Life, Com- 
hustion, and Ignition, — Exists in the pores of some Bodies 
•and is dissolved in others. 

Atmospheric air being thus a higBly compressible and 
expansible substance, we have next to inquire what is 
the amount of its compressibility under different degrees 
of force 1 This has been determined experimentally by 
different philosophers, the true law having first been dis- 
^ covered by Boyle and Marriotte. 

The density and eUuUeity of air are direel&yas the force 
of compression. 

The volume whidk air occupies is inversely as the press* 
ure upon it. 

To illustrate, and at the same time to prove these laws, 
we make use of a tube, d d c b^so bent that it has Fi^.^i- 
two parallel branches, a and b. It is closed at b, ^d 
and has a funnel^mouth at a. Sufficient mercury is 
poured into the tube to close the bend and to insu- 
late a volume of nxrinb d. Of course this air ex- 
ists under a pressure of one atmosphere equal to a 
column of mercury thirty inches long. Through the 
funnel, a, mercury is now to be poured ; as it accu- 
mulates ^t presses upon the air in d b, and re- 
duces its volume to e, if, in this manner, a column 
thirty inches long be introduced, it will be found that the 
air in b dis reduced to half. There are, therefore, now 
two atmospheres pressing on the included air — the atmos- 
phere itself being one, and the thirty inches of mercury 
the other. Two atmospheres, therefore, reduce a given 
quantity of air into half its volume. 

In the same manner it could be proved, if the tube 

What is Mairkitte's law T Describe Marriotte's mstrament. What is 
its use T When the ptessare on a gas is doubled, tripled, quadnipled, what 
volume does it assume ? 
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it ':* w EstT be r-rx-xed for im^ 
u v^.. u C'lodeourioos. For tbk 
pv-Vi** le*. --'^'e be ukec a joor tube, a i, 
/'''4'. ';•>. o^er. t: ibc c&d, i. aad closed at a, 
w/,-, % v;.'*:"* : a jar. A, Hied with memzrr to i 
tyfri';>Tit b^ri^ht. i* als-o to be pnoTided. 'Now 
:<^ tf«f; Mrr«;w at a be opened and the tabe de- 
yrtzK^^A \u the mercunr until the metal, br 
f ««.r.;r, >^veft io the tube a few inelies of lir. 
I'UH •^THw id now to be closed and the tube lift- 
*i*l. Th^ included air at once dilates »*id aoot- 
firnn rd mercury is suspended. It will be found 
Uml when the air has dilated to doable ha ifA- 
ur/ie, the length of the mercurial eolumn indie 
tuU; will lie ^fteen inches — tfaatisyhnlf theba- 
rorr^rtnc Ierij(th. 
iiy Kijch ex[>criment8, it therefore appeaxatlHit 
M:irf>//ff#)'« hiw holds both for condensations ana nuefa^ 
ttffti^. '\ hK law has h<;en verified until the air baa been 
tf,i,'\*ufii'A tv/ttuty-wivtsn times and rarefied one handled 
nt,f\ r//*tlv*-, ut/itifi. Itt the case of gases, wbicb easily as- 
nnrnt, tJift li/|ui«l form, it is, however departed from aathat 

^*» ** J Jf jsides the properties already de- 

scrifiod, atmospheric air possesses 
othors which require notice. Among 
tlioHo may be mentioned its resist- 
finro to motion. 

Tliis property may be exbibited 
f»y rnofuiH of the two wheels, a h. Fig, 
.MO, wliirli can be put in rapid rota- 
tory iM(»ii(m by the rack, d, which 
rnnv<m up and down through an air- 
liK^it Mlulling-box, e. The wheels 
iiin rto iirrnn^rcKl Uiat the vaneb. of a 
iiiovft thniti^li tho air edgewise, but 

llniv tiiity I hill ho |iiiivtiil liii rnrHnrtioiiH f To what extent has this law 
I'Mi.i, v«„tni>il t lltiw iiiHy ilto rtmUitiuicu of tUo air be proved? In aTacn- 




those o£ b with tbei^ broad faces. Oo piublng down tbe 
rack, d, and making tbe wheels rotate with equal rapid- 
ity in the acmoepheric air, one of them, a, will be found 
to continue its motion much longer than the other, h: and 
that this arises &om the resistance which h experiences 
&OUI the air is proved by making them rotate in the 
receiver from which the air has been exhausted, when b 
will continue its motioB as long as a, both ceasing to re- 
volve Bimultaneouelf . 

The water-hammer affords another inuance c^ the same 
principle. It consists of a tube a foot or mora loog and 
half an inch in diaineter. In it there is inclnded a smaH 
quantity of water, but no atmospheric air. When it is 
turned upside down the water drops from end to end, and 
emits a ringing, metallic sound. If there was any air in 
the tube, it would resist or break the fall of the water. 
A well-madQ mercurial thermometer exhibits the same 
&c(. If there is a perfect vacuum in its tube, on taming 
the instrument upsMe down the metal drops like a hard, 
solid body gainst the closed end. 

The Faracfaute is a machine '^il'' 

by which aeronauts may de- 
Bcend from a balloon to the 
ground in safety. It bears a 
general resemblance to an 
umbrella, and consists pf a 
strong but light surface, a a. 
Fig. 37, from which a car, 
b, IB suspended. When it 
ia detached from the bal- 
loon, it descends at first with 
an accelerated velocity, but 
this is sodta checked by the 
resistance of the air, and the 
machine then falls at a rate 
nearly uniform, and very mod- 

In virtue of its elasticity, atmospheric air is the couim<w 
medium for the transmission of sounds. Under the receiv> 
or of an air-pump let there be placed a bell, a. Fig. 38, the 
hammer, b, of which can be moved on its pivot, c, by means 




AIR BUPPOETS Uri. 



of K lever, h, which is woriied fa; a rod 




fif.K. 



is woriied bj a rodpunDBr tbroagli 
thaMuffing-box,e. The bell !■ plwMd 
OR a laather drum, g, and bateiwd 
down to the purap-ptata bjr mmm 
of a board, d. While the air i« jet 
ID the receiver, the aound is qnita 
audible, bat on exhausdug it becomaa 
fainter and fainter, and at hat can m 
longerbe heard. OnreadiiiittiagtlH 
air the aonnd graduallj increaaea, ud 
at last acquires its oriKinal intenffitj. 
The leather cushion,^, la neceaeatyu 
prevent the transmiasion of the MKUid 
through the solid part of the pump. 
The air alao is absolutrlj necessary for tbe aoppoit et 
life. The higher warm-blooded animsla 
die when the air is only partially raie- 
fied. A rabbit, or other small stuoal, 
placed under an air-pump jar may m- 
main there several ininutea without bang 
much disturbed ; but if we coma a aD M 
withdrawing the air the animal iostaatlf 
I shows signs of diatren, and if the expa^ 
iment is continued, soon dies. 

So, too, if s jar containing sorae rdbII 
' fishes be placed under an exhauated re- 
' ceiver, the animals either float on their 
backs at tbe surface of the water, or 
descend only by violent muacular exertions. Fiahet 
respire the air which ia dissolved in water, and hence 
it IS somewhat remarkable that they continue to live 
for a considerable length of time in an exhaaated re- 
ceiver. 

The air ia also necessary to all processes of combustioD. 
If a lighted candle be placed under a receiver, it will 
bum for a length of time ; but if the air be withdrawn 
by the pump, it presently diea out The smoke also 
descends to the bottom of the receiver, there being no 
air to buoy it up. 
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twHiitwt neaiTerl Prora thai the k 
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If a gun-lock be placed in an tahaattxi neermr, mai 
tbe flint be made to strike, no sparks j^. ml 

whatever appear ; and, coDsequeailj, 
if there were powder in ibe pw^ it 
coald not be exploded. The prodna- 
tion of sparks by tbe flint and at«el ■• 
due to small pciTtkMH (rf tbe latter wtnch 
are stnick cm bj the pereaa a ion bom- 
ing in tbfi air, and wfaen Ae air is le- 
moved that combnstios can, ^ conne. 
no longer take plac& 

By taking advantage of tbe espoB- 
Inlity of tbe air, we are able lo prove 
K. I), that it is iocladed in tbe pores 
of many bodies. Tbns, if an 
n is dro|^>ed into a deep jar 




Itnde of ur bubblea continnany ascend dtroagfa tbe 
water. Or if a ^ass of por^ be placed beneath 
anch a rvceirer, us sm&ce is eomad ji^«. 
with a-finm, iba earbonic add gas, 
which is tbe canae of its ag r esp b to 
briakncsB, escsfnng aw^. And even cons- | 
mon river or spring Water treated in the si 
manner exhibits the escape of"a eonodm 
quantity of gas, which ascends through it in I 
mnall bobbtes, and gives i^s ^aiUii^ ap- ^ 



Whj6i 



36 LOSS OF WEIGHT IM AlB. 



LECTURE VIII. 

Properties op the Air. — Lost of Weight of Bodia t» 
i/te Air. — Theory of Aerostation, — The Montgolfier 
Bafloan. — The Hydrogen Balloon. — Mode of ChntroU- 
ing Ascent and Descent. — Artificial and Natural Cur- 
rents in the Air. — Velocity with which Air ^otcs. into a 
Vacuum. — Velocity of Efflux of different Gases, — Prin- 
ciples of Gaseous Diffusion. — These Principles regulate 
the Constitution of the Atmosphere. 

On principles which will be fully explained when we 
come to speak of specific gravity, it appears that a solid 
immersed in ft fluid loses a portion of its w^eight. It 
follows, of course, that a substance weighs less in the air 
than it does in vacuo. 

To one arm of a balance, a, Fig. 43. let there be hung 
Fig. 43. a light glass globe, c, coun- 

terpoised in the air on the 
other arm, h, by means of a 
weight. If the appai'atus be 
placed beneath a receiver, 
and the air exhausted, the 
globe c, descends, but on re- 
admitting the air the equi- 
librium is again restored. 
This instrument was Cbrmer- 
ly QBed for determining the 
density of the air. 
A substance that has the same density as atmospheric 
air, when it is immersed in that medium, loses all its 
weight, and will remain suspended in it in any position 
in which it may be placed. But if it be lighter, it is 
pressed upward by the aerial particles, and rises upon 
the same principle that a cork ascends from the bottom 
of a bucket of water. And as the density of the air con- 

--■■ ■■■ ■■«II—.I H |B« ■■■.■■I !■■.■■■■■ .■—■ll ■■ — — ^— ^M^W^B^^^^^^I^^^^^^ 

What difference is there in the weight of a body in the air and in vacuo ? 
What fnct is illustrated by the instrument, Fig. 43 ? Under what circum- 
stances does a substance iu the air lose all its weight ? On what principle 
do air balloons depend 7 
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liDually dimmiahes as we go npwsrd, il is erident lliat 
Bucb a bodj, BHccBdiiiK from one Btratam to another, will 
finally attain one haTing the same density as iaelf, and 
there it will remain Buspeuded. 

On tbese principles aeroatalion depends. Air ballooos 
are machines which ascend through the atmosplMre and 
float at a certain ohitnde. They are of two kinds: 1st, 
Montgolfier or rarefied sir balloons ; and, 2d, Hydrogen 
gaa balloons. 

Tbe 'Moutgolfier balloon, which was inrented bj the 
peiBDU whose name il bears, con^sts tf a liglit b^ of 
paper or coUon, which may ba of a f^.M. 

spherical or other shqie; in ite lower "^^ 

portion there is an aperture, with a 
basket suspended beneath for the pur- i 
pose of containing burning material, as I 
straw or shaTings. On a small scale, a I 
paper globe two or three feet in diam 
eter, with a piece of sponge soaked ii 
spirits of wine, answers very ^ell. Tbe 
hot air arising from tbe burning matter nr- 

enters tbe apertnre, distending the balloon, and makes it 
specifically tighter than tbe air, through which, of conne, 
it will rise. 

Tbe hydrogen gas balloon consists, io Hke maimer, of 
a thin, impervious bag, filled either with hydroeen or com- 
mon coal gas. The former, as usually made, is from ten 
to thirteen times lighter than air; the latter is somewhat 
heavier. A. balloon filled with either of tbese possesses, 
therefore, a great ascenrioaal power, and will rise to 
considerable heights. Thus, Biot and Gay Lnssac, in 
1804, ascended in one of these madtines to an elevation 
of 23,000 feet. Wben the balloon fim asceads, it ought 
not to be full of gas, for as it reaches regions where the 
pressure is diroinished, the gas within it is dilated, and 
though flaccid at first, it will became completely dlstended- 
If it were full at the time it lefl tbe ground, there would 
be risk of its bursting imen as it arose. Tbe gas balloon 
re^juires a valve pl^ed at its top, so that gas may be 

How anoT kind* ol tbem are tben t Dncribe ihe Hooleolfier ballani. 
Dewiibe ibipjOmsea ballooa. What ii tlu nlilire wn(ht of birdnifai 
■DduiT wEymiutDot itw OKbmebefiillwliaiitlnTesltacinmdl 
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diichai^^ at pleasure, and the machine made to descend. 
The aeronaut has control over its motions by taking np 
with him a quantity of sand in bags, as ballast. If he 
thnm-fl out sand the balloon rises, and if he opens the 
valve and lets the gas escape, it descends. 

The rarefaction which air undergoes by beat makes it, 
of course, specifically lighter. Warm air, therefore, as- 
cends, and cold air descends. When the door of a room 
which is very warm is open, the hot air flows out at the 
top, and the cold enters at tho floor : these currents may 
be easily traced by holding a candle near the bottom and 
top of the d(X)r. In tho former position the flame leans 
inward, in tho latter it is turned outward, following the 
course of the draught 

The drawing of chimneys, and the action of furnaces 
and stoves depends on similar principles : the column 
of hot air contained in the flue ascending^ and cold air 
replacing it below. 

Similar movements take place in the open atmosphere. 
When the sun shines on the ground or the surface of the 
sea, the air in contact becomes warm, and rises ; it is 
replaced by colder portions, and a continuous current is 
established. The direction of these currents is changed 
by a variety of circumstances, as the diurnal rotation of 
the earth and other causes less understood. On these 
depend the various currents known as Breezes, Trade- 
winds, Stonns, Hurricanes. 

The atmosphere does not rush into a void space instan- 
taneously, but, under common circumstances of density 
and pressure, with a velocity of about 1296 feet in one 
second. Its resisting action on projectiles moving through 
it with great velocities is intimately connected with this 
fact. A cannon-ball, moving through it with a speed of 
two or three thousand feet, leaves a total vacuum behind 
it, and condenses the air correspondingly in front. It is, 
therefore, subjected to a very powerful pressure continu- 
ally tending to retard it. The rush of the air flowing 
into the vacuous spaces lefb by moving bodies is the cause 
of the loud explosions they make. 

How does increase of heat affect the air 7 How may the currents in a 
wann room be traced ? What is the principle on which furnaces and stores 
depend T How do winds and currents in the air arise ? What is the rea- 
son that a cannon-ball moving in the air hai its Telocity rapidly reduced 7 
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Fig. 45. 




When gases of differeot densities flow firom apertures 
o£ the same^sizeg the velocities with which they issue are 
difierent, and are inversely as the square roots of their 
densities* The lifter a gas is the greater is its issuing 
velocity ; and therefore hydrogen, which is the lightest 
body, moyeSi under such circumstances, wilh the greatest 
speed* ». ' 

The experiment represented in Fig. 45. illustrates 
these principles. Lettl^ere 
be a tube, a b, half an inch 
in diameter and six inches 
long, the end,.^, beingopen 
and a cfosed with a plug 
of plaster of Paris, whicE 
is to be completely dried. 
Counterpoise this tube on 
the arm of a balance, and 
fill it with hydrogen gas, 
taking care to keep the 
plug dry, letting the open end, b, of the tube dip just be- 
neath the surface of some water contained in a jar, C. 
In a very short time it will be discovlered that the hydro- 
gen is escaping through the plaster of Paris, and the tube, 
filling with water, begins to descend ; and after a few min- 
utes much of the gas will have gone out, and its place be 
occupied partly by atmospheric air, which comes in in the 
opposite direction, and partly by the water which has risen 
in the tube. 

Even when gases are separated from each other by 
barriers, which, strictly speaking, are not porous, the saine 
phenomenon takes place. Thus, if with the finger we 
spread a film of soap-water over the mouth of a bottle, 
itz, and then expose it under a jar to some other Fig. 4S. 
gas, such as carbonic acid, this gas percolates rap- 
idly through the film, and, accumulating in the bot- 
tle, distends the film into a bubble,vas represented 
in Fig. 46. Meanwhile, a little atmospheric air es- 
capes out of the bottle through the film in the op- 
posite direction. 

Wkat is the law under which gases flow out of lipertures? How may 
it be proved that gases can percolate through porous bodies, such as plugs 
of stucco? How may it he proved that tney pass through films of 
water? 
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This propensity of gases to difTuse into each other is 
ji^.47. cleariy shown by filling a bottle, H, Fig. 47, 
with a very light gas, as hydrogen ; and a second 
one, C, with a heavy gas, a« carbonic acid, and 
putting the bottles mouth to mouth. Diffusion 
takes place, the light gas descending and the 
heavy one rising until both are equally com- 
mixed. We see, therefore, that this property of 
gases is intimately concerned in determining the 
constitution of the atmosphere, which is made 
up of different substances, some of which are light and 
some heavy — the heavy ones not sinking, nor the li^ht ones 
ascending, but both kept equally commixed by diffusion 
into each other. 




Do the same phenomena ensue when no boundaries or barriers inter- 
Tene ? What have these principles to do with the constitution of the at- 
mosphere T 
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PROPEMTIES OP LfQUIDS. JSziOtf Omi DsjlLl fr-" Uti .V 

— It^ Jm^memce am iie Ltata^ — ^rvdmatiim ff" J'^'oei, IfV- 
ttrs. — Rdatitm €f LiqmrdM €akd Gckv. — P'lyrvrx^ Cnm- 
dition of LAqmid*. — Dijcremt I ^j t .wjt ct" X*.c-r«t ^i. — 
Floremtine Experimemi cm lAe Ctm ij r ' s w tim o-' T^cjcr — 
Oentted's Expaitmemis. — GomproKi^hTjr ^ 0:jter Ij^ 
quids. 

Hatixg disposed of the me i hj'.^ ca: j r wesii ei :c a:- 
inospheric air, which is the tjpe of gsseuBS zti^bijssk. ::l lue 
next place we pass to the propperdes <£ -mTcaz^ -px^sl it 'jut 
representative of the class of Liciads. 

Abont two thirds of the soi^oe of liie eerii. sre ai*rem£ 
with a sheet of water, oonsckniiikg tiie ksil ibe sr^rbst 
depth of which is ooauBonhr efiiiiulf<i at abciizi tv:> zcflacaK. 
This, referred to our nsoal standards of coiDparktria^ isfr- 
presses us at once with an idea of tbe sreai uzkiuu: uf 
water investing the globe; and, aoccirdinziiT. iaaari^ac^e 
writers continoaUv refer to the ocean as as €9iabjbi& vi 
immensity. 

But, referred to its own proper Oxb&cti rjf ooourS- 
son — the laass of the earth — it is preeexCed to &£ uader a 
very different aspect. The ditfanrp fo«a tlte si;r3M!7& t^ 
the center of the eaith is nearir £xr thoncctc s£jek 
The depth of the ocean does not, theneiofe, exjc^red :^rTT 
part of this extent : and astroDonMrn hare jufil J KUii^, 
that were we <» an CfidinarT aitificia] ej^.<^ * > pj:%«« a 



What are the caoi—ied An — qj nae sbs? II0V flfr 

pare with the aie of the etfUi 
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representatioii of tho ocean, it would scaroely exceed ii 
thickness the film of Tarnish already placed there by the 
manufacturer. 

In this respect the sea constitutes a mere aqueous film 
on the face of the globe. Yet, insignificant as it is la 
reality, it has been one of the t^hiet causes engaged m 
shaping the external surface, and also of modeling tbe 
interior to a certain depth — ^r geological investigatioos 
have proved the former action of the ocean on regrions now 
far removed from its influenoe, in the interior of conti- 
nents ; and also its mechanical agency in the formation 
of the sedimentary or stratified rocks which are of enor 
mous superficial extents and often situated at great depths. 

Besides the salt waters of the sea, there are coUectioni 
of fresh water, irregularly disposed, constituting the dif- 
ferent lakes, rivers, &c. The direct sources of these 
are springs, which break forth from the ground, the little 
streams from which coalesce into lar^r ones. But the 
true source of all our terrestrial waters is the sea itselE By 
the shining of the sun upon it a portion is evaporated into 
the air, and this, carried away oy winds and condensed 
again by coUl, descends from the atmosphere as showen 
of rain, which, being received upon the ground, perco- 
lates until it is stopped by some less pervious stratum, 
and flowing along this at last breaks out whererer there 
is opportunity in the low grounds — ^thus constituting a 
spring. Such streamlets coalesce into rivers, which find 
their way back again to the sea, the point from whidi 
they originally came — an eternal round, which is repeat- 
ed tor centuries in succession. 

From these more obvious phenomena of nature we di^ 
cover a relationship between aerial and liquid bodies— 
the one passing without difficulty into the other form— 
and, indeed, many of the most important events around 
us depending on that fact. Experiment also shows that, 
in many instances, substances which under aM common 
circumstances exist in the gaseous condition, can be mads 
to assume the liquid. Thus, carbonic acid, which is one 
of the constitutents of the atmosphere, can by pressors 
be reduced to the liquid form, and can even be made to 

What great phenomena have ariaen from the action of the sea ? To what 
aoarce are rireni and springs doe T How kit thijarefomiedT What is 
lation is there between gaaea and liqaida 7 
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misame that of a BoHd. The maiD agmtB hj 'which anch 
tranimutatioiis are affiacted axe cold and preflBure. 
The parts of liquids seem to have little cohoaion. 
ing the fonps of matter as being determined by the rela- 
tion of those attractive and repukive forces which are 
known to exist among particleB, it is believed in that 
now under consideration — ^the liquid — ^that these forces 
are in equihbrio. For this reason, therefore, the parti- 
cles of such bodies move fiieely among one another; and 
liquids, of themselves, caimot assume any determinate 
shape, but confcmn their figure to the vesaek in which 
they are placed. Portions of the same liquid added to 
one another readily unite. 

Among liquids we meet with what may be termed dif- 
ferent degrees of liquidity. Thus the liq uiditj of molasses, 
oil, and water, is of different degrees. It seems as though 
there was a gradual passage from the solid to this state, 
a passage often exhibited by some of the most limpid 
substances. Thus ailcobol, when submitted to an extreme 
degree di cold, assumes that partial consistency which is 
seen in melting beesvrax, yet at common temperatures it 
is one of the most mobQe bodies known. So, too, that 
compound of tin and lead which is used by plumbers as a 
solder, though perfectly fluid at a certain heat, passes, in 
the act of coolmg, through vaiioHS sucoesaive atages, and 
at a particular point becmnes plastic and may be molded 
with a doth. 

If a quantity of atmospheric jsir is pressed upon by any 
suitable contrivance, it shrinks at once in volume. We 
bave already proved this phenomenon and determined its 
laws. If water is submitted to die same trial, the result 
is very different — it refuses to yield : for tliis reascMi, inas- 
much as the same fact applies to the whole dass, liquids 
are spoken of as xncompressible bodies. 

It was at one time thought that the experiment of the 
Florentine academicians, who filled a gold globe with 
water, and on comiH'essing it with a screw found the war 
ter ooze tfaxouEh the pores of the gold, proved completely 
the incompresBibilityof that liquid. But more recent ex- 
Do the parts of liquids cohere ? Wbait is the rektioD between their at- 
tnctive and repolsiTe forces ? Mention some of the distinctive qualities 
of liquids. Give riamplm of diflEnvot degrees of liquidity. What ezper- 
ioient has heen sopposad to prova Oat water is inDOSDpnMnUel 
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periments have »hown, beyond all doubt, that liquids are 
compressible, though in a less degree than gases. Thus, 
it is a conimon experiment to lower a glass bottle, filled 
with water and carefully stopped with a cork, into the sea. 
Fig. 48. On raising it again the cork is often found forced 
in, and the water is uniformly brackish. Butin 
a more exact manner the fact can be proved, 
and even the amount of compressibility meas- 
ured, by €Brsted's machine. This consists of a 
strong glass cylinder, a a, Fig. 48, filled with 
water, upon which pressure can be exerted by 
a piston driven by a screw, b. When the screw 
is turned and pressure on the liquid exerted, it 
contracts into less dimensions, but at the same 
time the glass, a a, yielding, distends, and the 
contraction of the water becomes complicated 
with the expansion of the glass in which it is 
placed. 

To enable us to get lid of this difficulty, the in'stni- 
Fig. 49. ment, Fig. 49, is immersed in the cylinder of 
water, as seen at Fig, 48. This consists of n 
glass reservoir, e, prolonged into a fine tube, e/, 
with a scale, x, attached to it. The reservoir and 
part of the tube are filled with water, and a little 
^ column of quicksilver, x, is upon the top of the wa- 
ter, serving to show its position. On one side there 
is a gage, d, partially filled with air^ It sei-ves to 
measure the pressure. 

Now when the instrument, Fi^. 49, is put in the 
cylinder in the position indicated in Fig, 48, and 
pressure made by the screw, b, it is clear that the 
water in the reservoir will be compressed, and the 
glass which contains it being pressed upon equally, 
internally and externally, will yield but very little. Mak-' 
ing allowance, therefore, for the small amount of com- 
pression which the glass thus equally pressed upon un- 
dergoes, we may determine the compressibility^ of the 
water as the force upon it varies. It thus appears that 
water diminishes 27^77 P^^ ^^ ^^s volume for each at- 
mosphere of pressure upon it. In the same way the (im- 
pressibility of alcohol has been determined to be ^y^^^. 

Mention some that prove the contrary. Describe (Ersted's ma^iiinft , 
What is the amount 01 the compressibility of water ? 
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LECTURE i. 

The Pressures op "LiQviDB.—^lDivisions of Hydrodynam- 
ics. — Liquids seek their attm Level, — Equality of press- 
ures. — Case of different Liquids pressing against each 
other* — General LamqfHydrostaMcs, — Hydrostatic Par^ 
adoXj—^Laiofor Lateral Pressures.-'—hstantaneous com' 
munication qfPressurt. — Bramah's Hydraulic Press, 

To the 8cienj;e which describes the mechanical proper- 
ties of liquids the title of Hydroditnamics is applied. It 
is divided into two branches, Hydrostatics and Hydraul- 
ics. The former considers the weight and pressure of 
liquids, the latter their motions in canals, pipes, ficc, 

A liquid mass exposed without any confinement to the 
action of grayity would spread itself into one continuous 
superficies, for all its piarts gravitate independently of one 
another, each part pressing equally on aH those around it, 
and being pressed on equally by them. 

A liquid confined in a receptacle or vessel of any kind 
conforms itself to the solid walls by which it is surround- 
ed, and its " upper surface is perfectly plane,, no part 
being higher' than another. This level of surface takes 
place even when different yessels communicating with 
each other are used. Thus, if into a glass of water we 
dip a tube, the upper orifice of which is temporarily 
closed by. the finger, but little water will enter, owing to 
the impenetrability of the air; but, as soon as the finger 
is removed, the liquid instantly rises, and finally settles at 
the same level inside of the tube that it occupies in the 
glass on the outside. , . 

This result obviously depends on the equality of press-: 
ure just referred to, and it is perfectly independent of 
the iorm or nature of the vessel. If we take a tube bent 
■ 
Into what branches is Hydrcxlynamics divided ? Under the action of 
gravity what form does a free liquid i^ume ? What is the effect when it 
18 inclosed in a vessel ? Give an illustration of the equality of pressure. 
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Fig, SO. 



in the form of tbe letter U, anci closing one of its brancb 
with the finger, pour water into the other, as soon as tl 
finger is removed the liquid rises in the empty branc 
and, after a few oscillatory movements, stands at the san 
level in both. 

If one of the branches of such a tube is much widi 
than the other, the same result still ensoe 
Thus, as in Fig. 50, we might have a rose 
voir, A I, exposing an area of ten, or a boi 
dred, or ten thousand times that <^ a tal 
rising from it, B G C H, but in the latter a liqai 
would rise no higher than in the former, bo( 
being at precisely the same level, A D. W 
perceive, therefore, from suoh an experimei 
that the pressure of liquids does not depei 
on their absolute weight, but oh their verdc 
altitude. The great mass of liquid containc 
in A exerts no more pressure on C than woal 
a smaller mass contained in a tube of the san 
dimensions as C itself. 

A variation of this experiment will thro 
much light upon the subject. Instead of usiii 
one, let there be two liquids, of which the sp 
cific gravities are different. Put one in one < 
the branches of the tube, a be. Fig, 51 , and tl 
-H other in the other. Let the liquids be quicks! 
:i3 ver and water. It will be found,' under thei 
_ circumstances, that the water does not pre 
the quicksilver up to its own level; but tha 
for every thirteen and a half inches vertic 
.5 height that it has in one of the branches tl 
quicksilver has one inch in the other. C 
2 course, as they communicate through the faoi 
zontal branch, b, the quicksilver must prei 
against the water as strongly as the watt 
presses against it ; if it did not, movement would ensu 
And such experiments, therefore, prove that it is the prii 
ciple of equality of pressures which determines liquids 1 
seek their own level. 

From this it therefore appears that a liquid in a vess* 

Does this depend on the mass of a liauid ? Prove that it depends on1 
height. What takes place when liquids of dififeient densities are uset 
In what directioDf do liquids press ? 
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not on]y exerts a pressure upon the bottom in the di- 
rection in wUch gravity acts, bnt also laterally and up- 
ward. 

• From what was proved by the experiment represented in 
JFig, 50, it follows Uiatihese pressures are by no means ne- 
cessarily 03 the mass, but in proportion to the vertical height. 
If one hundred drops of water be arranged in a vertical line, 
the lowest one will exert on the surface on which it rests 
a pressure equal to the weight of the wbole. And from 
puch considerations we deduce the- general rule ^ esti- 
mating the pressure a liquid exerts upon the base of a 
vessel. " Multiply the height of the fluid by the area of 
the base gb which it rests« aud the product gives a mass 
whiqh presses with the same weigpht." 

Thus in a conical vessel, KC ^- ^ 

D F, Fig. 52, the base,C D, sus- 
tains a pressure measured by ^^ 
the column A B C D. For all 
the rest of the liquid only 
presses on ABCD laterally, 
and resting on the «ides EC 
and F D, cannot contribute 
any thing to the pressure on 
the base, C D 

. But in a conical vessel, EC 
D F, Fig, 63p the pressure on 
A Bis measured by A B C D, 
as before ;, but the other por- 
tions of the liquid, not rest- 
ing upon the sides,, pres^ 
also upon the bottom, E F, 
and the result, therefore, is 
the same as if the vessel £^ 
were filled throughout to the 
height C A. 

This law is nothing more thtan an expression of the fact 
that the actual pressure of a liquid is dependent on its 
vertical height and the area of its bsse. Its applications 
give rise to some singular results. Thus, the Hydro- 
static bellows ccMisists of a. pair of boards, A, Fig. 54, 





Give the rale for finding t^e pretware of a liouid on jthe base of die 
sel containing it. Descrioe the hydrostatic bellows. 
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Fif. 54- united together by leather, and from tl 

luwer one there rises a tube, e^e, endiii 
in a funnel-shaped termination, e. If heav 
weights, bed, are put upon the upp( 
board, or a man stands upon it, by poa 
ing water down the tube the weight ct 
be raised. It is immaterial bow slendc 
the tube, and, therefore, how small th 
quantity of water it contains, the toti 
pressure resulting depends on the areao 
the bellows-boards, multiplied by the vei 
tical height of the tube. 

Theoretically, therefore, it appears tin 
■^ a quantity of water, however small,' cai 

be made to lift a weight however great — a principl 
sometimes spoken of as the iiTDROSTATrc paradox. 

But liquids exert a pressure against the sides as well a 
upon the bases of the containing vessel — the force of tha 
pressure depending on the height The law for estinit 
ting such pressure is, " The horizontal force exerte 
against all the sides of a vessel is found by multiplyin; 
the sum of the areas of all the sides into a height equal t 
half that at which the liquid stands." 

When bodies are sunk in a liquid, the liquid exetta 
pressure which depends conjointly on the surface of tfa 
solid and the depth to which its center is sunk. Thus,! 
into a deep vessel of water we plunge a bladder, to tfa 
neck of which a tube is tied, the bladder and part of tfa 
lube being filled with colored water, it will be seen, as th 
bladder is sunk, that the colored water rises in the tube. 
A pressure exerted against one portion of a liquid i 
instantly communicated throughout the whole mass, eac 
particle transmitting the same pressure to those arounc 
A striking illustration of this is seen when a Prince Ri 
pert*s drop is broken in a glass of water, the glass bein 
instantly burst to pieces. 

Bramah*s press, or the Hydrostatic press, is an illuf 
tration of the principle developed in this lecture — ^thi 
every particle of a fluid transmits the pressure it receivei 
in all airactions, to those around. It consists of a sma 

What is meant by the hydrostatic paradox ? Give the role for findii 
lateral pressures. Prove that a liquid exerts a pressure on bodies plung( 
in it. Give an illustration of the instantaneous communication of pressur 
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I, Pig. 55, ia whiefa a pistoo, *, is 
This little pump commiuiicates 




jg-pump, with the tube communicating between them, 
illed with water, the quanbty of which can he in- 
(ed by working the lever, d. New it ia obriouB that 
brce, impressed upon the surface of the water in the 
I tube, a, will, upon the principles just described, 
ransmilted to that in A, and the piston, S, will be 
ed up with a force which ts proportional to its area, 
larcd with that of the piston of the little cylinder, a. 
1 area is one thousand tiroes that of the little one, it 
rise with a force one thousand times as great as that 
which the little one descends — the motire force ap- 
at d, moreover, has the advantage of the leverage 
■oportion as c (2 is greater than c b. On these princi- 
it may be shown that a roan can, without difficulty, 
t a CMnpressiHg force of a million of pounds by the 
if sucD a machine of comparatively small dimensions. 

Describa Ihe hrdraulic preM. 
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LECTURE XL 

Specific Gravity. — Definition of the term. — The Stafd' 
ards of Comparison, — Method for Solids. — Caseukn 
the Body is Lighter than Water, — MetJiodfor LiquHi 
hi/ the Thousand-Grain Bottle, — Effects of Temperatme. 
— Standards of Temperature, — Other Methods for U 
quids. — Method for Gases. — Effects of Temperature ani 
Pressure. — The Hydrometer or Areometer, 

By the specific gravity of bodies we mean the propor- 
tion subsisting between absolute weights of the sameTol* 
umc. Thus, if we take the same volume of water and 
copper, one cubic inch of each, for example, ive shall find 
that the copper weighs 8-6 times as much as the water: 
and the same holds good for any other quantity, as ten 
cubic inches or one cubic foot. When of the same vol- 
ume the copper is always 8*6 times the weight of the 
water. 

Specific gravity is, therefore, a relative affair. We must 
have some substance with which others may be compared. 
The standard which has been selected for solids and 
liquids is water ; that for gases and vapors, atmospheric 
air. 

When we speak of the specific gravity of a substance 
which is of the liquid or solid kind, we mean to express 
its weight compared with the weight of an equal volume 
of water. Thus, the specific gravity of mercury is 13*5; 
that is to say, a given volume of it would weigh 13*5 times 
as much as an equal volume of water. 

Apparently the simplest way for the determination of 
specific gravities of solids, would be to form samples of 
a uniform volume; as, for instance, one cubic inch. 
Their absolute weight, as determined by the balance, 
would be their specific gravities. 

But in practice so many difficulties would be encoun- 
tered in such a procesis that its jesults would be quite in- 

What is meant by specific gravity? What are the standards of com- 
parison ? Descnbe an apparently simple nuthod of determininir the bob. 
cific gravity of solidsL * '^ 
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exact ; and the principles of hydrostatics furnisb us with 
far more acctifate means for resolying such problems. 

To determine the specific gravity of a sond body, it is 
to be weighed first in air and then in water. In the latter 
i osteite it will weigh less than in the former, because it 
displaces a quantity of the Water equal to its own volume, 
and this deficit in weight is the weight of the water so 
displaced. The weight in air and the loss in water being 
thus determined, to find the specific gravity, •* Divide the* 
weight in air by the loss in water, and the quotient is the 
specific gi-avity." 

If the body be lighter than water, there must be affixed 
to it some substance sufficiently heavy to sink it, the 
weight of which, and also its loss of weight in water are 
previously known. Deduct this weight from the loss of 
the bodies when immersed together, and divide the abso- 
lute weight of the light body by the remainder ; the quo- 
tient gives the specinc gravity. 

For the determination of the specific gravity of liquids 

several methods may be resorted to. 
One of the most simple is by the Thou- 
sand-grain Bottle. This consists of a 
light glass flask, a. Fig. 5Q, the stopper 
of which is also of glass with a fine per- 
foration, b, through it. When the bot- 
tle is filled with oistilled water, and the 
stopper inserted in its place, any excess 
of liquid is forced through the perfora- 
tion, and the bottle, on being weighed, 
should be found to contain one thousand 
grains of the liquid exactly. 
If any other liquid be in like manner placed in this 
bottle, by merely ascertaining its weight we at once de- 
termine its specific gravity. Thus, if it be filled with oil 
of vitrol or muriatic acid, it will be found to hold 1845 
grains of the former and 1210 of the latter. Those num- 
bers, therefore, represent the specific gravities of the 
bodies respectively. 

This instrument enables us to illustrate, in^ very satis- 
factory manner, the effect of temperature on specific grav- 

Oive the general hydrostatic method. What is done when the hody is 
lighter than water T Give tht nethod in the casie of liquids by the Hjfm- 
nnd-grain Bottle. 




52 



BTANDARD8 OP TBMPEKATUEK. 



Fig. 57. 




ity. It has been said that the Thousand-grain bottle iiw 
called from its containing precisely one thousand gnufli 
of water ; but very suporncial consideration satisto m 
that this can only be the case at a particular temperatan, 
Suppose the bottle is of such dimensions that at 60^ Fait 
renheit it contains exactly one thousand grains, if we raiai 
its temperature to 70^ Fahrenheit, the water will expsad, 
or if wo lower it to 50° Fahrenheit it will contract exwl- 
ly as if it were a liquid in a thermometer. It is, there- 
fore, very clear that temperature roust always enter into 
tliese contiiderations, and that before we can express the 
relation of weight between any substance, whether solid 
or liquid, and that of an equal volume of water, we must 
specify at what particular temperature the experiment 
was made. For many purposes 60° Fahrenheit is se]ec^ 
ed, and for others 39^° Fahrenheit, which is the tempe^ 
ature of the maximum density of water. 

There is a second method by which the specific gravity 
of fluids may be known. It is to weigh a g^iven solid (as 
a mass of glass) in the fluids to be tried, and determine 
the loss of weight in each case. Inasmuch as the solid 
displaces its own volume of the different liquids, the losses 
it experiences when thus weighed will be proportional to 
the specific gravities. The following rule, therefore, ap 
plies : " Divide the loss of weight in the different liquicb 
by the loss of weight in water, a^d the quotients will give 
the specific gravities of the liquids under trial." 

For the determination rf 
the specific gravities of gases 
a plan analogous in principle 
to that of the Thousand-grain 
bottle is resorted to. A ligbt 
^lass flask, g, exhausted of air, 
IS attached by means of the 
stop-cocks, e d, to the jar, c, 
containing the gas to be tried. 
This gas has been passed 
through a drying-tube, a, by 
means- of a bent pipe, b, into 
the jar, c, over mercury. On 
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Describe the effects of temperature on specific gravity. Give another 
B^tt^/or determioing the density of liquids. How is that of gases dis- 
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THE HYDROMETER. 5S 

opening the stop-cock the gas flows into g, and its weight 
may then be determined by the balance. 

From the greater dilatation of ga^es by heat, all that 
has been just said in relation to the eflect of temperature 
op specifitc gravity applies here still more strongly. It is 
to be recollected that: this form of bodies is compared 
with atmospheric air taken as the standard. 

For gases another disturbing agency beside tempera- 
ture intervenes — it is pressure. Atmospheric pressure is 
incessantly varying, and the densities of gases vary with 
it. It is not alone the thermometer^ but also the Barom- 
eter which must be consulted, and the temperature and 
pressure both specified. Besides, great care must be taken 
in transferring the gas from the jars in which it is con- 
tained, that it is not subjected to any accidental pressures 
in the apparatus itself, and that the flask in which it is 
weighed is not touched by the hands or submitted to any 
other warming or cooling influences. 

For the determination of the densities of liquids there 
is still another method, often more convenient than the 
former, and very commonly resorted to, it is by the aid 
of instruments which pass under the name of Hydrometers 
or Areometers. 

The principle on which these act is, that when a body 
floats upon water, the quantity of fluid displaced is equal 
in volume to the volume of the part of the body immersed, 
and in weight to the weight of the whole body. 

Thus, a piece of cork floating on the surface of quick- 
silver, water, and alcohol, sinks in them to very different 
depths : in the quicksilver but little, in the water more, 
and in the alcohol still deeper ; but in every instance the 
weight of the quantity of the liquid displaced is equal to 
that of the cork. 

It is plain, therefore, that to determine the specific 
gravity of a liquid, we have only to determine the depth 
to which a floating body will be immersed in it. The 
hydrometer fulfills these conditions. It consists of a cylin- 
drical cavity of glass. A, Fig, 58, on the lower part of 
which a spherical bulb, B, is blown, the latter being 
filled with a suitable quantity of small shot or quicksil- 



What disturbing effects are encoantered in' the case of gases 7 On what 
principle is the -hydrometer constracted. 
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ver. From tbo cylindrical portion, A, a tube, C, rises, 
tho interior of wliicli is a paper scale bearing the diviaioi 
ji^. 58 The whole weight of the instrument is such tl 
it iloats in the liquid to be tried, and if that liqu 
is to be compared with water, and is lighter thi 
water, the zero of the divided scale is toward tl 
lower end of the paper; but if the liquid 1 
heavier than water, the zero is toward the top ( 
the scale. Tables are usually constructed i 
that, by their aid, when the point at which tl 
hydrometer floats in a given liquid is determine 
in any experiment, the specific gravity is e: 
pressed opposite that number in the table. 

Of these scale-hydrometers we have sever 
different kinds, according as they are to dete 
mine different liquids. Among them may be mentionc 
Fig. 59. Beaume*s hydrometer, an instrument of coi 
stant use in chemistry. In the finer kinds ( 
areometers the weighted sphere, B, Fig. 5 
forms the bulb of a delicate thermomete 
the stem of which rises into the cavity, j 
This enables us to determine the teroperatui 
of the liquid at the same time with its specii 
gravity. 

Nicholson's gravi meter is a hydrometi 
which enables us to determine the densi' 
either of solids or liquids. It is represented 
Fig. 59. 





1 



Describe the hydrometer. 
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LECTURE XII. 
Htdkobtatic Fbebbures and Foehation of Fount- 
ains. — Fundamental Fact of HydrotUUic* — holdt 
also for Galea. — IHuitrationt of Upward Fremure. — 
Determination of S^ajic Gravities of Liquids on these 
Principles. — Tkeory of Founlaini. — Caute of Natural 
Spri»gt. — Artesian Wells. 

Tbe fundamental &ct in hydrostatics thuB appeara to 
be, tbat as each atom o£ a liquid yields to the influenca 
of gravity without being reatraiaed by any coheaiTe force, 
all the particlea of such a mass must press upon those 
which are immediately beneath them, and therefore the 
pressure of a liquid must be as its depth. 

Tbe Bunie fact has already been recognized for elastic 
(luidB, in speaking of the mechanical properties of the 
earth's atmosphere, which, for this very reason, an^ also 
from the circumstance that it is a highly compresaible 
body, possesses different deDsities at different heights. 
The lower regions have to sustain or bear up the weight 
of all above them, but as we go higher and higher this 
weight becomes leas and lees, until at the surface it ceases 
to exist at all. 

We have already shown from the Fif. 80. 

nature of a fluid such pressures are 
propagated equally in all directions, up- 
ward and laterally, as well as downward. 
This important principle deservea, how- 
ever, a still further illustration from the 
consequences we have now to draw from 
it. Let a tube of glass, a h. Fig. 60, have 
its lower end, b, closed with a valve slightly 
weighted and opening upward, the end, a, 
being open. On holding the tube in a 
vertical position, the valve is kept shut by 
its own wmgfat. But if we depress it in 

Wbst !■ (he rundatnenUI fictiatijrdrortatica! J}oea this bold for elaa 
fluid* T Describe the illustratkn lepneeoted in Fig. W. How any U 
made to proie tb« downward pieuora of water T 
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&ll LiaVIDS BEEK THEII LEVEL. 

a vessel i>f water, us Boon db n certain depth is reached 
till' upirnrd pn-ssiiru of tlio water forces the valve, and 
llic lubu bci^iiiH to fill, ^lill further, if before immenint 
tlif tiiliu wo Gil it to tilt! Iiei^ht of a few inches wili 
w;iti'r, we shall fin<l that it must now be depressed toi 
((realer depth than liefi>rc. lieeause the downward pressiw 
of ihe included WHtci' tends to keep the valve shut. 

I'riim the Home princi]>lea it follows, that wheneTWi 
liipiici h;iK freetiom of mmion, !c will tend to arranp 
itM-lf HO that all parts of its eurfuce Bhall be equidislul 
friini iho renter of the earth. For this reason the Huriin 
of M'arcr in liasins and other reservoirs of limited exieii 
in iilwiiyn in a lioriKoiital plnne; but when those sitrfacci 
lire iif greater extent, as in the caMe of lakes and the mi 
they oecessiarily exhihit a rounded fortn, cnnfiirming totht 
fi^iin^ of the earth. 1 1 is also tul>e remembered that.whei 
li(|i]iilA arc included in narrow tubes, the phenomena of cap 
illary attraction disturb both their level and Burface-figarB 
All liquids, therefore, tend t( 
find their own level. This factii 
well ilTustratcd by the iiiatrument 
7 Fig. 61, consisting of a cylindei 
' of glass, a, connected by means of 
a horizontal branch with the tube 
h, which moves on a tight joint at. 
c. By this joint, b can be set par 
allel to a, or in any other positiuii> 
If a is filled with wa- 
ter to a given height, 
the liquid immediately 
flows through the hori- 
zontal connecting- pipe, and rises to the same 
height in b that it occupies in a. Nor does it 
matter whether b bo parallel to o, or set at 
any inclined position, the liquid spontaneously 
adjusts itself to an equal altitude. 

The same liquid always occupies the i 
level. But when in the branches of a tube * 
we have liquids, the specific gravities of which 
are different, then, as has already been stated i 

What is the surfBCe-CigurD of Hqu 
in Fig. 61. What ii the law o/diffe 
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2., they rise to difterent lieigbte. Tba law which deter- 
tiiineB diisiB, "Tht fteigJit* of different fluids are inver»Hi/ 
tu their specific gravitiei." If, tberefore, in one of the 
branches of a tube, a h. Fig. 63, aome quicksilver ia 
poured so as to rise to a height of one inch, it will require 
in the other tube, b c, a. column of water 13} inches long 
to equilibrate it, because the specific gravi^es of quick- 
silver and water are as 13} to 1. 

A Tory neat instrument for illtastrating' F(f. Bi. 
these facts is shown in Fig. 63. It consists 
of two long glass tubes, a b, which are con- 
nected with a small exbaustine-syriuge, c, 
their lower ends being open dip into the 
cups, ta A, in which the liquids whose spe- 
cific gravities are to be tried are placed. Let 
us suppose they are water and alcohol. The 
syringe produces the same degree of partial ' 
exhaustion in both the tubes, and the two li- 
quids equally pressed up by the atmospher- 
ic air, begin to rise. But it will be found 
that the alcohol rises much higher than the ^ 
water — to a height which is inversely pro- T 7 T 7 
ponional to its specific gravity. JB*jaL_ 

When in the instrument. Fig- 61, we bend 
the tube, b, upon its joint, so that its end is 
below the water-level in o, the liquid now be- 
gins to spout out : or if, instead of the jointed 
tube, we have a short tube, C e D, Fig. 64, 
proceeding from the reservoir, A B, the wa- 
ter Bpouts from its termination and forms a 
fountain, E F, which rises nearly to the same 
height as the water-level. The resistance of 
the air and the descent of the falling drops 
shorten the altitude, to which the jet rises to 
a certain extent. On the top of the fountain 
a cork ball, G, may be a spended by the play- 
ing water. 

The same instrument may be used to show £ 
the equality of the vertical and lateral preas- 
ui es at any point. For let the tube, D K, be removed so 

At what height) will qnicktilier ind water stand T DeKiibotheinstni- 
nwDt, Ftg. 63. What ficl does it thow T Under what circumBtuicei do«> 
B liquid ipout! Hownisf afbantain be fOnnedT 
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FURMATIUN OP FOUNTAINS. 



as to leave a circular aperture at e ; also let C be a plu 
cliMiiig an a|)Citure in the bottom of exaclJy the sainesiz 
as e. N(»w if the reser\'oir, A B, be filled to the heigli 
g, and kept at that point by continually pouring in watei 
and the quantities of liquid flowing out through the latera 
aperture, e, and the vertical one, C, be measured, the] 
will be found precisely the same, showing, therefore, th( 
equality of the pressures ; but if an aperture of the sanK 
size were made aty) the quantity would be found corre 
spend ingly less. 

It is upon these principles that fountains often depend 
The water in a reservoir at a distance is brought by pipei 
Fig. 6A. to the jet of the fountain, and there suffered 
to escape. The vertical height to which it 
can be thrown is as the height of the reset- 
voir, and by having several jets variously rp 
ranged in respect of one another, the fban^ 
ain can be made to give rise to difierent fan- 
ciful forms, as is the case with the puUic 
fountains in the city of New York. 

A simple method of exhibiting the fount- 
ain is shown in Fig. 65. A jar, Ce, is filled 
with water, and a tube, bent as at a b c/u 
dipped in it. By sucking with the mouth at 
a, the water may be made to fill the tube, 
and then, on being left to itself, will play as a fountain. 

Ou similar principles we account for the occurrence of 
springs, natural fountains, and Artesian wells. The strata 
composing the crust of the earth are, in most cases, in po- 
sitions inclined to the horizon. They also differ very 
greatly from one another in permeability to water- 
sandy and loamy strata readily allowing it to percolate 
through them, while its passage is more perfectly resisted 
by tenacious clays. On the side of a hill, the superficial 
strata of which are pervious, but which rest ou an imper- 
vious bed below, the rain water penetrates, and being 
guided along the inclination, bursts out on the sides of the 
hill or in the valley below, wherever there is a weak place 
or where its vertical pressure has become sufficiently pow- 
erful to force a way. This constitutes a common spring. 

Provf the equality of vertical and lateral pressures by the iDstrument, 
Fig. C4. What is the principle of fountains ? Describe the apparatus Fig. 
69. On what principle do springs flow from the ground ? ' 




AMTBBIAN WELLS. 



The general principle <^ the Artesian or OYerflowing 
wells is illustrated in Fig, 66. Let b' b c d,he the sor- 
face of a region of country the strata of which, b b' and 

Fig 06. 




d i\ are more or less impervious -to water, while the in- 
termediate one, c c\ of a sandy or porous constitution, al- 
lows it a freer passage. When in the* distant sandy coun- 
try at c^ the rain falls, it percolates readily and is guided 
by the resisting stratum, d d! , Now if at a, a boring is 
made deep enoti^ to strike into c e or near to d' on the 
principles which we have been explaining, the water will 
tend to ijse in that boring to its proper hydrostatic level, 
and therefore, in ' many instances, will overflow at its 
mouth.. The region of country in which this water on- 
ginally fell may have been many miles distant. 

It follows, from the action of gravity on liquids, that if 
we have several which differ in specific gravity in the 
same vessel, they will arrange themselves according to 
their densities. Thus, if into a deep jar we pour quick- 
silver, solution of sulphate of copper, water, and* alco- 
hol, they will arrange themselves in the order in which 
they have been named. 

What are Artesian wells ? When several liqaids are in the same vessel, 
how do they arrange themselves ? 
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LECTURE XIII. 

Of Flowing Liquids and Hydraulic Machines. — Lam 
of the Flotcing of Liquids, — Determination, of the Qum 
tity Discharged. — Contracted Vein.-^-Paraoaltc Jets,- 
Relative Velocity of the Parts of Streams, — Underska 
Overshot, Breast- \Vheels. — C&mtnon Pump. — Ff»-cin§ 
Pump, — Vera*s Pump. — Chain-Pump. 

If a liquid, the particles of which have no'cohesior 
flows from an aperture in the bottom of its containing vei 
sel, the particles so descending fall to the aperture with 
velocity proportional to the height of the liquid. 

The force and velocity with which a liquid issues dc 
pend, therefore, on the height of its level — the higher thi 
level the greater the velocity. 

As the pressures are equal in all directions, and as it i 

gravity which is the cause of the flow, " The velocit 

which the particles of a fluid acquire when issuing fi^m a 

orifice, whether sideways, upward, or downward, is equi 

to that which they would have acquired in falling perpeE 

die ulariy from the level of the fluid to that of the orince. 

When a liquid flows from a reservoir which is not re 

plenisbed, but the level of which continually descends 

the velocity is unifoimly retarded : so that an unreplen 

ished reservoir empties itself through a given apertur 

I in twice the time which would have been required forth 

same quantity of water to have flowed through the^sam 

1 aperture, had the level been continually kept up to th 

same point. 
; The theoretical law for determining the quantity of wi 

j ter discharged from an orifice, and which is, that " tk 

quantity discharged in each second may he obtained hy mu 
\ tiplying the velocity hy the area of the aperture,^* is n( 

» found to hold good in practice — a disturbance arising froi 

j the adhesion of the particles to one another, from the 
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On what does the velocity of a flowing liauid depend ? What is that v 
locity equal to ? What is the difference of flow between a repleiiithcd ai 
an unreplenished reservoir ? Why does not the theoretical law for the dj 
charge of water hold good 7 
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THE CONTRACTfiD VEIN. 61 

friction against the aperture, and from the formation of 
"what 18 designated "the contracted vein.** For when wa- 
ter flows through a circular apeiture in a plate, the diam^ 
eter of the issuing stream is contracted and Fif. 67. 
reaches its minimum dimensions at a distance "^ 

about equal to that of half the diameter of the 
aperture, as at * * , Fig. 67. This effect arises 
from the circumstance that the flowing water is 
not alone that which is situated perpendicularly 
above the orifice, but the lateral portions likewise move. 
These, therefore, going in oblique directions, make the 
stream depart from the cylindrical fprm, and contract it, 
as has been described. 

By the attachment of tubes of suitable shapes to the ap- 
erture, this effect may be avoided, and the quantity of 
flowing water very greatly increased. A simple aperture 
and such a tube being compared together, the latter was 
found to discharge half as much more water in the same 
space of time. 

As the motion of flowing liquids depends on the same 
laws as that of falling solids, and is determined by gravi* 
ty, it is obvious that the path of a spouting jet, the direc- 
tion of which is parallel or oblique to the horizon, will bo 
a parabola ; for, as we shall hereafter see, that is the path 
of a body projected under the influence of gravity in vacuo. 
When a liquid is suflered to escape in a horizontal direc- 
tion through the side of a vessel, it may be easily shown 
to flow in a parabolic path, as in Fig. 68. The maximum 
distance to which a jet can Fv.68. a 

reach on a horizontal plane 
is, when the opening is half 
the height of the liquid, as 
at C, and at points B and D 
equidistant from C, it spouts 
to equal distances. 

To measure the velocity 
of flowing water, floating 
bodies are used : they drift, 
immersed in the stream un- 
der examina^on. A bottle ^ 

What M meant by the " contracted vein ?" From what does this arise ? 
How may the quantity of flowing water be increased? What is the path 
of a spouting jet ? 




(Hi WAT»>WaBBI«. 

putlj filled with water, u> that it will sink to its neck, with 
a small flag projecting, Btiawen very well ; or the ddb- 
ber of revolutions of a wheel accotnmodated with flotf- 
hoarda may be counted. 

iV-M. In any stream the Velocity ia greaMt 

in the middle (where the water ia deep- 
est), and at a certain distance from the 
Burface. From thia ^nnt -k diminislM 
toward the banks. Investigationa id tbii 
kind are best made by Pietot'a atrau- 
measurer, F'g. 69. It consists of aio- 




ipapedi 
Whei 



iQ a running etream 
momentum of tlte current. 



iiy, bent at a right angle. Wbenpliuig- 
ed in motionless water the level id ibe 
tube corroBponds with that outside, btf 
tlie impulse of a stream cbusbs thewaiEf 
to rise in the tube until its venical piat 
ure counterpoises the force. 

The force of flowing water is oftei 
employed for various purposes in ibe 
arts. We have several diSereatkindi 
of water-wheels, as the undershot, tin 
overshot, and the breast-wheel, Ths 
first of these consists of a whed v 
drum revolving upon an axis, and'oa 
the periphery there are placed floi^ 
boards, abed, &c. It is to be fixed 
HO that its tower floats are immenad 
tide, and is driven round by iht 



#J 



ding buckets aa long i 



The oversfaot-vriieel, in 
ke manner, consists of a 
^cylinder or drum, with ■ 
I series of cells or buckets, 
1 arranged that the watsi 
which ia delivered by a 
. trough , A B, on the upper- 
most part of the wheel, 
may be held by the de- 
I possible. It ia the weight 



How may rfi« velocity of flowing water be roBunred I Dsacriba tha 
■tratm.nHiHaraT. What ii the undenhQl-whwl t "" 
wheal! 



Wtut is the ovantiol- 




of tbis water tlutt gjres modon to the wheel on its 
axis. 

The breast-wheel, F^.Ta. 

ib like manner, cou- 
•ista of a drum w<^'k- , 
ing on an axis, and 
having float-boards 
on its peripbll?. fi 
ia placed against a _ 
'Wall of a circular s 
form, aad the water ' 
brought to it fil^ the buckets at the point A, and turns 
the wheel, partly by its motnentum and partly by its wetghL 

Of these three fonns the overahot-wheel is the most 

There are a great many can- 
trivaoces for the purpose of raie- 
ingwatertoahicherle'rel. These 
constitute the different varietiea 
of pumps. 

The common pump is repre- 
■ented in Fig, 73. It consists of 
diree parts : the Huctioo-pipe, the ) 
parrel, and the piston. The sue- ^L 
tton-pipe,y«,' IS of Bufficieat length f 
to reach down to the water. A, f 
proposed to be raised &om the f 
reserroir, L. Th* barrel, C B, is ^ 
« perfectly cylindrical cavity, in 
which the piston, G, moves, air- 
tight, up aud down, by the rod, d. 
It is commonly moved by a lever, 
but in the figure a rod and han- 
dle, D E, are represented. " 
one side is the spout, F. 
the top of the suction-pipe 
H, there is a valve, b, and also 
one on the piston, at a. They 
both open upward. Wben the 

piston IS raiwd from the bottom 

of the barrel and again depressed, it exhausts the air in 

Wb*l ia the breut-wbeelt Wbielt of iIum is the moat powetfolt 
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ID Structure. 




the iufltion-pipt;, and the water riseB from the teMnoir, 
pressed iij) liy the atro<is]>liere. After a few moveTneU 
of tlic ]ii!>tiiii i)ic barrel becumes full of water, wbicb, a 
each Hucci;!i!()Fa lift, is thrown out of the spout, F. Tbe 
RTliou of thin machine in readily understood, afler wtK 
has been said uf the air-pump, which it closely reEembki 



i(»M- In the forcing-pump die 

suction pipe, « L, is cunuDonh 
short, and the piston, g, hu 
no Talve. Od the box at H, 
there tB a valve, b, as in Ht 
former machine, and nhn 
tlie piston is moved upwud 
in the barrol, C B, by tht 
handle, £, and rod, D d, iba 
water. A, rises from the raer- 
voir, L, and enters the barrel 
During the dontiward move- 
ment of the piston the thIts, 



b, shutB, and the ivater pasaei 
bya channel round ta, throueli 
the lateral pipe, M O M S, 
into the air vessel, K K. Tbe 
this air-vessel »t 



aclos 



■alT< 






there proceeds from jt a. tw- 
tical tube, H G, open at both 
ends. After a few movemeon 
of the piston, the lower end, 
I, of this tube becomes cor- 
ered with water, and any fiir- 
tber quantity now thrown in 
H G, which, exerting its 



the water in 



.s jet, i 



n of the piston may, therefor 
continuous and unintetmittiDg 
DiicniO by the aid of the air-veasel, K K. 

Among other hydrauhc macbinea may be mentioned 
Vera'a pump, more, however, from its peculiar construc- 
tion than for any real value it poasesses. It consists of a 

Deacribe ttw fncing-pamp. 
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pair of pulleys, over which a rope is made to run rapidly, 
the lower one is immei-sed in the wa- i!v^.75. 

ter to be raised. By adhesion a por- 
tion of the water follows the rope in 
its movements, and is discharged into 
a receptacle placed above. 

The chain-pump consists of a series 
of flat plates held together by pieces 
of metal, so arranged that, by turning 
an upper wheel, the whole chain is 
made to revolve, on one side ascending 
and on the other descending. As the 
flat plates pass upward they move 
through a trunk of suitable shape, and 
therefore continually lift in it a column 
of water. The chain-pump requires 
deep water to work in, and cannot completely empty its 
reservoir, but it has the advantage of not being liable to 
be choked. 




LECTURE XIV. 

Hydraulic Machines? — Theory of Flotation. — Archi- 
medes^ Screw, — The Syphon acts by the Pressure of 
Air, — The Descent, Ascent, and Flotation of Solids in 
Liquids. — Qtumtity of Wafer displaced hy a Floating 
Solid, — Case wh^re fluids ofdiffermt densities are used. 
— Equilibrium of Floating Solids, 

The screw of Archimedes is an ancient contrivance, 
invented by the philosopher whose name it bears, for -the 
purpose of raising water in Egypt. It consists of a hol- 
low screw-thread wound round an axis, upon which it 
can be worked by means of a handle. The lower end of 
this spiral tube dips in the reservoir ^om which the water 
IS to be raised, and by turning the handle the water con- 
tinually ascends the spire and flows out at its upper 
extremity. 

The syphon is a tube with two branches, C E, D E, 

What is Vera's pump 7 Describe the chain-pump. Describe the screw 
of Archimedes. What is a syphon 7 




66 TUB dYPHON. 

Fig, 7G, of unequal length, often employed in the arts fer 
Fig. T« *}*® purpose of raising or decamiDf 

liquids. The method of using it k 
first to fill it, and then placing the 
shorter branch in the vessel, B, to 
be decanted, the liquid ascends to 
A(jS^^f\ \ ^^® l>end and runs down the longer 

branch. It is obvious that tbia mo- 
tion arises from the inequality of 
weight of the columns in the tiivo 
branches. The long column otct- 
balances the short one, and deter- 
mines the flow ; but this cannot take 
place without fresh quantities rising 
through the short branch, impelled by the pressure of tb( 
air. The syphon, therefore, is kept full by the pressun 
of the air, and kept running by the inequality of tb 
Icnirths of the columns in its branches. 

This inequality is not to be measured by the actai 
lengths of the glass branches themselves, but it is toh 
estimated by the diflferenco of level, A, of the liquid in th 
vess(;l to bo decanted and the free end, D, of the SyphoE 
That this instrument acts in consequence of the preu 
urc of the air is shown by making a small one discharg 
quicksilver under an air-pump receiver. Its action w^ 
cease as soon as the air is removed. 

By the aid of a syphon liquids of different specifi 
gravities may be drawn out of a reservoir without dia 
turbing one another, and those that are in the lower pai 
without first removing those above. Upon the same prin 
ciple water may also be conducted in pipes over elevates 
grounds. 

Of tJie Floating of Bodies in Liquids. 

A solid substance will remain motionless in the interio 
of a liquid mass when it is of the same specific gravitj 
Under these circumstances the forces which tend to mak< 
it sink are its own weight and the weight of the columi 

Why does water ascend in its short branch ? Why does it ran froi 
the longer ? How is the inequality of the branches measured ? How ca 
it be proved that its action depends on the pressure of the air ? What ai 
the uses of the syphon T Under what circumstances will a solid remai 
motionless in a liquid I 
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of water which is above iL But as its weight is the same 
V that of an equal volume of the liquid in which it ia 
immejrsed, this downward tendency ia counteracted and 
precisely equilibrated by the upward pressure of the 
Burrounding liquid. Consequently the solid remains mo- 
tionlesH in any position, precisely as a similar maas of the 
liquid itself would be. 

But if the density of the in:imersed body is greater than 
tbat of an equal bulk of the liquid, then tlie downward 
forces preponderate over the upward pressure, and the . 
solid descends. 

If, on the other band, the soHd is lighter than an equal 
volume of the liquid, the upward pressure of the sur- 
rounding liquid overcomes the downward tendency, and 
the body rises to the surface and floats. 
. In the act of floating, the body is divided into two 
regions : one is immersed in the liquid and the rest is in 
the air. The part which is immersed under the surface 
of the liquid is tuch a> ditplace* a quantity of that liquid 
a» is precisely equal in tceigkt to the F,g, n. 

Jloatmg solid. This may be proved 
experimentally. Fill a glass, A, with 
irater until it runs off through the spout, 
a, then immerse in it a floating body, j 
such as a^Svooden hall; the ball will 
displace a quantity of water, which, if it 
be collected in the receiver, B, and 
weighed, will be found precisely equal to the weight of 
the wood. 

In any fluid a solid body will therefore sinlc to a depth 
which is greater aa its specific gravity more nearly ap> 
proachea that of the liquid. As soon as the two are equal 
the solid becomes wholly immersed. 

In fluids of diSerent densities any floating body sinks 
deeper in that which has the smallest density. It will ha 
recollected that these are the principles which are in- 
volved in the action of hydrometers. They are also 
applied in the case of specific-gravity bullis, which are 
small glass bulbs, with solid handles, adjusted by the 

Under nlut will it lus, (Bd Bndn wtkai will it smli ! What portion of 
the floating body ia Immancd ! How nuf ibb he prOTed I How do the 
wvcific f raritiM of the Bolid lad the liqaid on which it Bmts allect the 
pbenomtiiioa I 
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maker, so as to be of (lifferent densities. When a num- 
ber of these are put into a liquid some will float and 
some will sink ; but the one which remains suspended, 
neither floating nor sinking, has the same specific gravity 
as the liquid. That specific gravity is determined by tbe 
mark engraved on the bulb. 

When a body floats on the suTface of water it tends to 
take a position of stable equilibrium. The principles 
brought in operation here will be more fully described 
when we come to the study of the center of gravity of 
bodies. For the present, it is suflicient to state that sta- 
ble equilibrium ensues when the center of gravity of the 
flpating solid is in the same vertical line as the center of 
gravity of the portion of fluid displaced, and as respects 
position beneath it. These considerations are of great im- 
portance in the art of ship-building, and also in the right 
distribution of the cargo or ballast of a ship. 

Fig. 78. The principle of flotation is in- 

geniously applied in the ball-cock, 
an instrument for keeping cisterns 
or boilers filled with a regulated 
"^ amount of water. Thus, suppose 
that m «, Fig. 78, be tbe level of 
the water in the boiler of a steam- 
engine ; on its surface let there float 
a body, B, attached by means of a 
rod, F a, to a lever, a c b, whidi 
works on the fulcrum c ; on the 
other side of the lever, at &, let 
there be attached, by the rod i V, a valve, V, allowing 
water to flow into the boiler, through the feed-pipe, VO. 
Now, as the level of the water, m «, in the boiler lowers 
through evaporation, the float, B, sinks with it, and de- 
presses the end, a, of the lever ; but the end, 5, rising, lifts 
the valve, V, and allows the water to go down the feed- 
pipe ; and as the level again rises in the boiler the valve, V, 
again shuts. Instead of a piece of wood or hollow cop- 
per ball, a flat piece of stone, B, is commonly used ; and 
to make it float it is counterpoised by a weight, W, on 
the opposite arm of the lever. 

How are specific-gravity bulbs used ? What is the position of stable 
equilibrium in a floating body ? Describe the construction and action of 
the ball-cock. 
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OP REST AND MOTION. 

MECHANICS. 

' ' -^^^— ■ ^^— M^ I I 

/ 

LECTURE XV. 

Motion and Rest. — Causes ofMotitm^ — Classification of 
Forces, — Estimate rf Forces, — Direction and Intensity, 
— Uniform and Variable Motions,— ^Initial and Final 
Velocities. — Direct, Rotatory, and Vibratory Motions. 

All objects around us are necessarily in a condition 
either of motion or of rest. We shall soon find that mat- 
ter has not of itself a predisposition for one or other of 
these states; and it is the business of natural philosophy 
to assign the particular causes which determine it to either 
in any special instance, A very superficial investigation 
soon puts us on our guard against deception. Things 
may appear in motion whipb are 'at rest, or at rest when 
in reality they are in motWh. A passenger in a railroad 
car sees the houses and trees in rapid motion, though he 
is well assured that this is a deception — a deception like 
that which occurs on a greater scale in the apparent rev- 
olution of the stars from east to west every night — ^the true 
motion not being in them, but in the earth, which is turn- 
ing in the opposite direction on its axis. 

If deceptions thus take place as respects the state of 
motion, the same holds good as respects the state of rest. 
On the surface of the earth even those objects which seem 
to us to be quite stationary are not so in reality. Natu- 
ral objects, as mountains and the various works of man, 
though they see^l to maii^in an unchangeable relation as 
respects position with all the world for centuries together, 
are but in a condition of relative rest. They are, of 

What two states do bodies assome ? What deceptions may occur in re- 
lation to motion and rest 7 What is meant by relative and what by abso- 
lute rest 7 
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course, nfTocted by the daily revolution of tbe earth oo itt 
axi.H, mill nccompaiiy it in its annual movements round tk 
HUH. liidoi'd, as respects themselves, their parts are cob- 
ti nil ally changing position. Whatever has been affected 
by thu warmth of summer shrinks into smaller space 
through the cold of winter. Two objects ivbich maintaii 
their position toward each other are said to be at rela- 
tire rest ; hut we make a wide distinction between thii 
and absolute rest. All philosophy leads us to suppoN 
that throuf^hout the universe there is not a solitary paiti- 
clo which is in reality in the latter state. 

Whenever an object, from a state of apparent rest, cooh 
mences to move, a cause for the motion may always be 
assigned. And inasmuch as such causes are of different 
kinds, they may l>e classified as primary or secondarr 
motive powers. The primary motive powers are uniTe^ 
sal in their action. Such, for instance, as tbe general it- 
trac:tive force of matter or gravity. The secondary are 
traiisifMit in their effects. The action of animals, of elas- 
tic Hj> rings, of gunpowder, are examples. Of tbe second- 
ary foiv.es, some are momentary and others more perma- 
nent, some giving rise to a blow or shock, and some to 
effects of a continued duration. 

J<\irc«^H may bo compared together as respects their in- 
teiisities by numbers or by lin^. Thus one force maybe 
five, t(Mi, or a liundrcd times tne intensity of another, and 
that n^hitioii be expressed by the appropriate figures. In 
thn Hiinio manner, by lines drawn oi appropriate lengtb, 
wn may e\hil>it the relation of forces ; and that not only 
as re.Mperts their relative intensity, but also in other pa^ 
ticularri. TIkj direet'wn of motion resulting from tbe appli- 
caiion of II given force may always be represented ova 
Hiraight lino drawn from the point at which the motion 
rotiniionceH toward the point to which the moving body 
in irn|ioned. The point at which the force takes efiecC 
upon thn body is termed the point of application ; 9Xkd 
the t/irertion of motion is the path in which the body 
moves. To this special designations are given appropn- 



]m liny tihjo.c.t in nattiro in a state of absolute rest ? How may motive 
|iowrrN l)H chiNsiAcd ? What are primary motive powers ? Give examples 
iif HdiiiH Hint are secondary. How may forces be compared together? 
I low nmy forces be represented ? What is meant by the point of appli- 
fiauoii 7 
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ate to the nature of the case, such as curvilinear, rectilin- 
ear, &c 

Moving bodies pass over their paths with different de- 
grees of speed. One may pass through ten feet in a sec- 
ond of time, and another through a thousand in the same 
interval. We say, therefore, that they have different ve- 
locities. Such estimates of velocity are obviously ob- 
tained by comparing the spaces passed over in a given 
unit of time. The unit of time selected in natural phi- 
losophy is one second, 

A moving body may be in a state o£ either uniform or 
yariable motion. In the former case its velocity contin- 
ually remains unchanged, and it passes over equal dis- 
tances in equal timea In the latter its velocity under- 
goes alterations, and the spaces over which it passes in 
equal times are different. If the velocity is on the in- 
crease it is spoken of as a uniformly accelerated motion, 
*■ If on the decrease as a uniformly retarded motion. In 
these cases we mean by the term initial velocity the ve- 
locity which the body had when it commenced moving, 
as measured by the space it would then have passed over 
in one second ; and, by the Jinal velocity ^ that which it pos- 
sessed at the moment .we are considering it measured in 
the same way. The flight of bomb-shells upward in the 
air is an instance of retarded motion ; their descent down- 
"ward of accelerated motion. ' The movement of the fingers 
of a clock is an example of uniform motion. 

There are motions of different kinds : ist, direct ; 2d, 
rotatory ; 3d, vibratory. 

Ist. By direct motion we mean that in which all the 
parts of the whole body are advancing in the same direc- 
tion with the same velocity. 

2d. By rotatory motion we imply that some parts of the 
body are going in opposite directions to others. The 
axis of rotation is an imaginary line, round which tho 
parts of the body turn, it being Itself at rest. 

3d. By vibratory movement we mean that the body 
which changes its place returns toward its original posi 
tion with a motion in the opposite direction. Thus, the 

: How are velocities measared T Wbat i? the unit of time ?, What if 
meant by nnifofrm and what by variabfe motion ? What by initial and 
final velocity? What Tarieiies of motion are there? What is direct 
motion 1 What is rotatory motion ? What is vibratory motion ? 
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particles of water wliicb fonn waves alternately rise and 
sink, and the pendulum of a clock beats backward and 
forward. These are examples of vibratory or oscillatoiy 
movement. 



LECTURE XVI. 

Of the Composition and Resolution op Forces.— 
Compoun d Motion, — Equilibrium. — Resultant, — Tkt 
Parallelogram of Forces, — Ca»e where there are mm 
Forces than Two, — Parallel Forces. ^—Resolution ^ 
Forces. — Equilibrium of three Forces. — Curvilinear 
Motions. 

When several forces act simultaneously on a body, so 
as to put it in motion, that motion is said to be com- 
pound. 

In cases of compound motion, if the component or con- 
stituent forces all act in the same direction, the resulting 
effect will be equal to the sum of all those forces taken 
together. 

If the constituent forces act in opposite directions, the 
resulting effect will be equal to their difference, and 

its dh-ection will be that of the 
greater force. Thus, if to a 
knot, a, Fig. 79, we attach sev- 
eral weights, b c, by means of a 
string passing over a pulley, e, 
these weights will evidently tend 
to pull the knot from a to e. But 

S^ ^f if to the same knot we attach a 

^ ^^ weight,^ by a string passing over 

the pulley g, this tends to draw 
it in the opposite direction. When the weights on each 
side of the knot act conjointly, they tend to draw it oppo- 
site ways, and it moves in the direction of the greater 
force. 



Fig. 79. 



4 



What is compound motion? When the component forces all act in the 
same direction, what is their effect equal to? What is the result when 
they act in opposite directions ? Under what circumstances are forces in 
equilibrio 1 
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• 

If two forces of eqaal intensity, but in opposite direc- 
tions, act upon a given point, that point remains motion- 
less, and the forces are said to be in aquUihrio. When 
tbere are many forces acting upon a point in equilibrio, 
the sum of all those acting on one side must be equal to 
the sum of all the rest which act in the opposite direction. 

Bv the retultaaU of forces we mean a single force which 
would represent in intensity and direction the conjoint 
action of those forces. 

If the constituent forces neither act in the same nor in 
opposite directions, but at an angle to each other, their 
resultant can be found in the following manner :— - 
. Let a be the point on which 
the forces act ; let one of them be 
represented in intensity and di- 
rection by the line a b, and the 
other likewise in intensity and 
direction by the line a c. Draw 
the lines b d, c d, 80 ^a to com- 
plete the parallelogram abed; 
draw also the diagonal, a d. This ^ 
diagonal will be the resultant of the two forces, and will, 
therefore, represent their conjoint action in intensity and 
direction. 

The operation of • , ^.si. 

pairs of forces upon a 
point is readily under- 
stood. Thus, 1st. On 
a point, a, Fig. 81, let 
two forces, a b^ a c, &ct. Complete the parallelogram 
a h d Cf and draw its diagonal, a d. This line will rep- 
resent in intensity and direction the resultant force. 
2d. On a point, a, Fig. 82, Fig, 82. 

let two forces again repre- 
sented in intensity and di- 
rection by the lines ab^ac, °' 
act. Complete the paral- 
lelogram ab c d^ draw its diagonal, a d, which is the 
resultant, as before. Now, on comparing Fig. 81 with 
Fig. 82, it readily appears that the resultant of two forces 

What is meant bv a resaltant 7 Describe the parallelogram of forces. 
Give illustrations of the case in which the forces act nearly in the same, 
and also of that in which they act nearly in opposite directions. 

D 
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ifl ffreater as those forces act more nearly in die sidb 
liirecitinn, and leaa aa those fbrcea act more oeazlTB 
uppjflite (itrectioiui. 

Niany pDpular iHaatratianfl of the parallelogmn d 
t'urctf!! mitrhc be cited. The following may, howeWi 
Biitfice. If a boat be rowed acroas a rrrer when Aeffii 
TXij current, it will paaa in a straight line from baokts 
bank perpendicularly ; but this will not take place if then 
is n current, fur as the boat crosses it is drifted bjik 
stream, and makes the opposite bank at a point wiudi 
lijwer accordinfl^ as the stream is more rapid. It mors 
in a liiai^nal direction. 

On the same principles we can determine the commoi 
Fig. A resultant of many furees acting a 

a point- Two of the ft>rccs » 
first taken and their resultant fimni 
This resultant is combined witb Ai 
third force, and a second resahitf 
found. This again is combiMl 
with the fourth force » and so oii,tBi' 

B til the forces are exhausted. Tfci 

e final resultant represents the oob- 

joint action of all. 

Thus, let there be three forces applied to the point c 
repretiented in intensity and direction by the lines s Jh 
ac.ad. Fig, 83, respectively ; if ci 6 and a c be combinei 
they )^ve as their resultant a e, and if this resultant, a f,b8 
combined with the third force, a d, it yields the resultant 
a/, which, therefore, represents the common action of all 
three forces. 

^'v «• The resultant of two parti- 
ng of lei forces applied to a line, and 

on the same side of it, is equal to 
their sum and parallel to their 
direction. Thus, the foixess 
h, a' y applied to the line a ii% 
J I J \y give a resultant, p r, parallel 

' to their common direction end 
equal to their sum. 




Oivo Afi illuttratianof the diagonal motion of a body under the inflaence 
of two forccR. How may the resultant of more forcea than two be foandf 
"Whiit ifl the rpiuitant ofparaliei forcea applied to a line on the same, and 
on oppoaite aidea / 
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. But wben parallel forces are applied oti opposite sides 
of a line, tbe resultant is equal to their difference, and its 
direction is parallel to theirs. In this, as also in the fore- 

going case, the point at which the resultant acts is at a 
istance from the points at which the two forces act, 
inversely proportional to their intensities. In the &re- 
||;oinfl^ca6e this point fsdls between the directions of the 
two torces, and in the latter on the outside of the direction 
of tbfe greater force. 

The parallelogram of forces not ^Xr* 85. 

only serves to eifect the composi- ^ JT 
tion of several forces, but also the^^^**^ 
resolution of any given force ; that 
IB to assign several forces which in / VN^*^^\c 
their intensities and directions shall r^ 
be equivalent to it. Thus, let a f. 
Fig* 85, be the given force; by 
making it the diagonal of a paral- ^ 

lelogram it may be resolved into its components, ad,ae ; 
in the same manner, a e, may be resolved into its compo- 
nents, a c, a b. Thus, therefore, the original force is 
resolved into three components, a b, a c, ad. 

Upon similar principles it may be readily proved that 
two forces acting at smj angle upon a point can never 
maintain that point in equilibrio-— but three forces may; 
and in this instance, they will be represented in intensity 
and direction by the three sides of a triangle, perpendic- 
ular to their respective directions. 

If two forces act upon a point in the direction of and in 
magnitude proportional to the sides of a parallelogram, 
that point will be kept in equilibrio by a third force op- 
posed to them in the direction of the diagonal and pro- 
portional to it. On the table, a d, place a circular piece of 
paper, on which there is drawn any triangle, abc, c coin- 
ciding with the center of the table; and let us suppose 
that the sides of this triangle are, as shown in the figure, 
in the proportion to one another, as 2 3 4 ; draw upon the 
paper, c e, parallel to a b, and prolong ado d. Take three 
strings, making a knot at the point c, and by means of the 

— — — ^— ^^^— — » 

What is meant by the resolution of forces ? How does the parallelogram 
of forces serve for this pjirpose? Can two forces acting at an angle upon 
a point keep it in eqiulibrio? Can three? In this case what must be 
their relation ? 
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Fig. 8S. movable pullies, ttt, stretch tl 

strings over the lines cb^cd 
e; Bl the end (jf c d suspend 
weight of four pounds, at t 
end a£ c e one of three poan 
and at the end of c & one oft 
pounds. The knot will igpt 
in equilibrio, proving, the 
fore, the proposition. 

In the composition of foi 
power must always be 1 
Thus, in this experiment 
see that a weig^ht of tk 
pounds and one of two pen 
equipoise a weight of four pounds only. 

If of two forces acting upon a point one is moment 

and the other constant, the point may move in a cu 

Thus, if in Fig, 87, a shot be projected obliquely 

jPi£. 87. ward from a gun, it is under the 

5 tion of two forces — the momeni 

force of the explosion of the ^ 

powder and the constant effect 

the attraction of the earth. 

describes, therefore, a curvilii 

path, a b c, the direction of wl 

continually declines toward the 

rection of the constant force. 

It is only when a force acts in a direction peipend 

lar to a body that its full effect is obtained. This is c 

ly proved by resolving an oblique force into two othi 

one of which is perpendicular and the other paralle 

the side of the body acted upon. This latter force is 

course, lost. 

Why in the composition of forces is power always lost T What i 
result of the action of a momentary and a constant force upon a pc 
In what direction must a force act to obtain its fuU effect ? 
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LECTURE XVII. 

Inertia. — Inertia a Froperty of Matter, — Indifference to 
Motion and Rest, — Moving Masses are Motive Powers, 
— Determination of the Quantity of Motion, — Momen- 
tum, — Action and Reaction, — Newton's Laws of Mo- 
tion, — Bohnenberger's Machine, 

All bodies have a tendency to maintain their present 
condition, whether it be of motion or rest. It is only by 
the exeition of force that that condition can be changed. 
A mass of any kind, when at rest, resists the application 
of force to put it in motion, and when in motion resists 
any attempt to bring it to rest. This property is termed 
INERTIA. It is illustrated by many familiar instances : 
thus, loaded carriages require the exertion of far more 
force to put them in motion than is subsequently required 
to keep them going, and a train of railroad cars will run 
for a great distance after the locomotive is detached. 

Universal experience shows that inanimate bodies have 
no power to produce spontaneous changes in their con- 
dition. They are wholly inactive. Even when in motion 
they exhibit no tendency whatever to alter their state. 
Thus, the earth rotates on its axis at the same rate which 
it did thousands of years ago, and the planetary bodies 
pursue their orbits with an unchangeable velocity. A 
moving mass can neither increase nor diminish its rate of 
speed, for if it could do the former it must necessarily 
have the power spontaneously to put itself in motion if ft 
were in a condition of rest. Nor can such a mass, if in 
motion, change the direction of its movement any more 
than it can change its velocity. Such a change of direc- 
tion would imply the operation of some innate force, which 
of itself could have put the mass in movement. When- 
ever, therefore, we discover iit a moving body changes in 
direction or changes in velocity, we at once impute them 

What is meant by the term inertia ? Give an illustration of inertia. 
What illustration have we that when bodies are in motion they do not 
spontaneously tend to come to rest? Can a moving mass increase or di- 
minish its rate of speed ? Can it change ita direction of itself 7 
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to the agency of acting forces, and not to any innate power 
of the moving body itself. 

»r- ««• If en ivory ball, a, Fig. 88, 

^ be laid upon a sheet of paper, 

d b c, on the table, and the paper 

o C suddenly pulled away, the beH 

does not accompany the movement but remains ia die 
same place on the table. 

A pcrHon jumping from a carriage in rapid motion fiDi 
down, because his body, still participating in the motion 
of tlic carriage, follows its direction after his feet hvn 
struck the earth. 

By the mass of a body we mean the quantity of mtt- 
ter contained in it — that is, the sum of all its partideti 
The mass of a body depends on its volume and densitj. 

In consequence of their inertia, masses in motion are 

themselves motive powers. Such a mass inapinging on a 

Fi£.SB. second tends to set it in motioB. 

Thus, if a ball a, JRe^. 89, moritt 

W . W toward c, impinge upon a secoad 

^ * ^ ball, b, of equal weight, the tffo 

will move together toward c, with a velocity one half of 
that which a originally had. In this case, therefore, a bai 
acted as a motive force upon b, and it is obvious that tba 
intennity of this action must depend on the magnitode 
and velocity of a, increasing as they increase and dimii^ 
isliing as they diminish. The ball a is said, therefore, to 
have a certain inomentum or moment, which depends piI^ 
ly upon its mass and partly upon its velocity; and ihem9^ 
fnents of any two bodies may be compared by multiplying 
togrthcr the mass and velocity of each. Thus, if a body, 
A, lins twice the mass of another, B, and moves with the 
flnniG vcl<»city, the momentum of A will be twice that of 
B ; but if A, having twice the mass of B, has only half 
its velocity the moments of the two will be equal. 

It iH upon this principle that heavy masses movingvery 
slowly exert a great force, and that bodies comparatively 
li(rht, moving with groat speed, produce striking effecta. 
The but t(f ring-rams of the ancients, which were heavy 
innRBPH moving slowly, did not produce more powerfiil 

Ifjvp nil PX|>rrimriitai illustration of inertia. Howls it that mofiDg 
firwlip!* nrp tlirmM'Ivrs motive powers T How is the quantity of motion or 
rnnriiPtituiti n( a Imdy ■scertainecl 7 
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effects than cannoii*shot, which, though comparatiyely 
light, move with prodigious speed. 

From the foregoing considerations, it therefore appears 
that the amount of motion depends neither upon the mass 
alone nor the velocity alone. A certain mass, A, moving 
with a given velocity, has a certain momentum or quanti- 
ty of motion. If to A a second equal mass, B, with a sim- 
ilar velocity be added, the two conjointly will, of course, 
possess double the momentum of Uie first — ^the mass has 
doubled, though the speed is the same, and therefore the 
quantity of motion has doubled. Again, if a certain mass, 
A, moves with a given speed, and a second one, B, moves 
with a double speed, it is obvious that this last will have 
twice the quantity of motion of the former. Here the 
masses are the same, but the velocities are different. The 
quantity of motion or momentum which a body possesses 
IB, therefore, obtained by multiplying together the num- 
bers which express its mass and its velocity. 

Action and reaction are always equal to. each other. 
The resistance which a given body exhibits is equal to 
the effect of any force operating upon it. This equality 
of action and reaction may be shown by an apparatus 
represented in Fig, 90, in which ^' ^• 

two balls of clay or putty, a b, 
are suspended by strings so as to 
move over a graduated arc. If 
one of the balls be allowed to fall 
upon the other, through a given 
number of degrees, it vnll com- 
municate ta it a part of its mo- 
tion, and the following facts may 
be observed : 1st. The bodies, af- 
ter collision, move on together, and therefore have the sajpjdi 
velocity. 2d. The quantity of motion remains unchangt-. 
ed, the one having gained as much as the other has lost, 
so that if the two are equal they will have half the veloc- 
ity after impact that the moving one had when alone. 
3d. If equal, and moving in opposite directions v\rith equal 
velocities, they will destroy each other's motions and come 

Does the mass or the velocity, taken alone, measure the amount of mo- 
tion ? What is the relation between action and reaction ? What is the 
apparatus represented in Pig. 90 intended to illustrate ? Mention some oi 
the results. 
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Ui rmt. 4tl). If uneqaal, and noting in oppoaite dine- 
ti'jiiN, thi^y will come to mt when tbcnr TcIocitiEa artb- 
'l'ln: follnwing tbree propOMtioDs xn called "NewtfflTi 
Ihwh (if Ki'jttuiu" They contaiq. the reaulta dependingo 
i IK- 11 in: — 

I. Kvi:iy bcfdy must pencTcre in iu atate of rest ord 
iJiiifiitiii HKitidii in a straight line, unleaa it be compeiy 1 
III r)iurit{i) that Mtate by forces impreased apon it. I 

II. Kvury change of motion mnat be proportions] tt I 
ihii iiri|ir(>ruu;d fnrre, and must be in the direction of tfat 
■iiiiiKhL linn in which the force ifl iiopresaed. 

III. Ac'tjiin must always be equal, and contrary to R- 
atiiiiii, or t)ui action of two bodies upon each other nm> I 
Ini iMtiiul iinJ dirui^ei] to contrary sides. 

Ah III) iiXDmjilo of the operation of inertia, and illaHii- 
Uun llid invariability of poeiiton of tbe axis of the taA 
ft/, ai. during its reToTution, I here descriln 

itiihiionberger's machine. It cotuodi 
of throe movable ringa. AAA, Hg- 
t 91, placed at rightangleatoeBcbutliffi 
ml iiithe smallest ring there is a beMj 
ioibI ball, B, supported on an azi>< 
which alito bears a little roller, e. A 
ihrt'sd lioing wound round this roUn 
and any particular position being fpna 
to Iht) axis, by qukkly pulling tht 
tliri'ad the ball may be seL^n rapid n- 
iiiinintrrial in what position the'inatni' 
iiiiiiii a {iliK'tiil, itH axis continually maintains the same di- 

iiu'ii niitl iho riiiK which oiipports it will reaist a cat 

khti'i iililt> |it'tMiittiv ifudinj!; to displace it. 
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GRAVITATION. 81 



LECTURE XVIII. 

Gravitation. — Preliminary Ideas of Motions of AttraC' 
tion, — The Earth and Falling Bodies, — Latos of At- 
traction f as respects Mass and Distance, — Nature of 
Weight, — Absolute and Specific Weight4 — The Plumb- 
Line. — Convergence of such Lines toward the Earth* s 
Center, — Action of Mountain Masses. 

All material substances exert upon each other an at- 
tractive force. To this the designation of Gravity or 
Gravitation has been given. It was the great discovery 
of Sir I. Newton that the same force which produces the 
descent of a stone to the ground holds together the plan- 
ets and other celestial bodies. 

To obtain a preliminary idea of the nature and opera- 
tion of this force, let us suppose that two balls of equal 
weight be placed in presence of each other, and under 
Buch circumstances that no extraneous agency supervenes 
to interfere with their mutual action. Under these cir- 
cumstances, all the phenomena of nature prove that the 
two balls will commence moving toward each other with 
equal speed, their velocity continually increasing until 
they come jn contact. Inasmuch, therefore, as their 
masses are equal and their velocities equal, the quantities 
of motion they respectively possess will also be equal, as 
is proved in Lecture XVII. 

Again, let there be two other balls situated as before, 
but let one of them, B, be twice as large Fig, as. 

as A. Motion will again ensue by reason ^ 

of their mutual attraction, and they will ^ 
approach each other with a velocity con- V 
tinually increasing. In this instance, 
however, their speed will not be equal, the larger bodyi 
B, having a correspondingly less velocity than the smaller 
one, A. If, as we have supposed, it is twice as large, its 

What is meant by gravity? Give an explanation of the phenomena of 
the attraction of two equal balls. Give a similar explanation in the case 
whore the balls are uneqaal. 
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velocity will \ye only one half. Bat in this, as in tbe 
furmer'case, the quantity of motion that each poasesei 
is the same, for that depends on velocity and mass cob- 
jointly. 

Further, if of the two bodies one becomes infiiiitelj 
great as rcifpects the other, then it is obvious that the lit- 
tle one alone will appear to move. This condition is what 
actuallv obtains in the case of our earth and bodies sab- 
jected'to its influence. A mass of any kind, the support 
uf which is suddenly removed, falls at once to the grouod, 
and though in reality the earth moves to meet it just as 
much as it moves to meet tbe earth, the difference in 
these masses is so immeasurably great that the earth's 
motion is imperceptible and may be wholly neglected. 

The force by which bodies are thus aolicited to more 
to the earth is called terrestrial gravity or gravitation. 

The force of gravity depends on two different cona- 
tions : 1st, the mass ; 2d, the distance. 

1st. The intensity of the force of gravity ia directlj it 
the mass. That is to say, that, for example, in the cise 
of the earth, if its mass were twice as large its force of 
attraction would be twice as great ; or if it wrere only half 
as large its attraction would be only half as much as itisi 

2d. In common with all other central forces, gravity 
diminishes as the distance increases. The law which de- 
termines this is expressed as follows : " The force of 
gravity is inversely as the square of the distance ;" that 
is to say, if a body be placed two, three, faqr, five umei 
its origiual distance from another, the force attracting 
it will continually diminish, and in those different instances 
will successively be four, nine, sixteen, twenty-five times 
less than at first 

When a body, instead of being allowed to fall freely to 
the earth, is supported, its tendency to descend is not anm- 
hilated, hut it exerts upon the supporting surface a degree 
of pressure. This pressure' we speak of as weight. And 
inasmuch as the attractive force upon a body depends on 
its mass, it is obvious that, if the mass is doubled, tbe 
weight is doubled ; if the mass is tripled, the weight is 

What is the relation in this respect between falling bodies and the earth! 
On what two conditions does the intensity of gravity depend T MHiiat is 
the law for the mass? What is the law for the distance? What if 
weight ? ' 



ABSOLUTE AND SPECIFIC WEIGHT. 83 

tripled. Or, in other words, the weight oi bodies is al- 
ways proportional to their mass. 

The absolute weight of a given body at the same place 
on the earth's surface is always the same ; for the mass, 
and, therefore, the attractive force of the earth never 
changes. If by any means the attractive influence of the 
earth could be doubled, the v^reight of every object would 
change, and bo doubled correspondingly. 

The absolute weight of bodies is determined by bal- 
ances, springs, steelyards, and other such contrivances, as 
will be explained in their proper place. Different units 
of weight are adopted in different countries, and for dif- 
ferent purposes, as the grain, ounce, pound, gramme, &c. 

In bodies of the same nature the absolute weight is pro- 
portional to the volume. Thus a mass of iron which is 
twice the volume of another mass will also have twice its 
"^veight. 

But when we examine dissimilar bodies the result is 
very difierent. A globe of water compared with one of 
copper, or lead, or wood of the same size will have a very 
different weight. The lead will weigh more than the 
-water, and the wood less. 

This fact we have already pointed out by the term 
*^ specific gravity,*^ or specific weight of bodies. And, 
inasmuch as it is obviously a relative thing or a matter of 
comparison, it is necessary to select some substance which 
shall serve to compare other bodies with : for solids and 
liquids water is taken as the unit or standard of compari- 
son. And we say that u'on is about seven, lead eleven, 
quicksilver thirteen times as heavy as it ; or that they 
have specific gravities expressed by those numbers. The 
unit of comparison for gaseous and vaporous bodies is 
atmospheric air. 

When an unsupported body is allowed to fall its path 
is in a vertical line. If a body be suspended by a thread 
the thread represents the path in which that body would 
have moved. It occupies a vertical direction, or is per- 
pendicular to the position which would be occupied by 



Is it constant for the same body ? How is absolute weight determined ? 
What units are employed ? Wliat connection is there between weight 
and volume in bodies of the same kind ? What is meant by specific grav- 
ity? What substance is the unit for solids and liquids? What is the 
unit for gases and vapors ? 
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a surface of staffnant water. Sach a thread is tenned i 
plumb-line. . It is of constant use in the arts to detenmne 
horizontal and vertical lines. 

Fig. «. If in two positions, A B, Fig. 93, on 

the earth's surface plumb-lines were sus- 
pended, it would be found that, tfaoogii 
they are perpendicular as respects that 
surface, they are not parallel to one an- 
other, but incline, at a small angle, A C 
B, to each other. If their distance be one 
mile this convereence would amount to 
one minute ; and if it be sixty miles the 
convergence would be one degrree. Now, 
as the plumb-lino indicates the path of a falling body, k 
is easily understood that on different parts of the eardi's 
surface the paths of falling bodies have the inclinations 
just described. A little consideration shows that the de- 
pcont of such bodies is in a line directed to the center, C, 
of the earth. 

That center we may therefore regard as the active 
point, or scat of- the whole earth's attractive influence. 

Whrn examinations >vith plumb-lines are made in the 
Tiei,i;hbf>rho<Kl of mountain masses those masses exeit a 
diM tubing agency on the plummet, drawing the line 
fnun \Xa true vertical position. But this is nothing more 
ihnu what ought to take place on the theory of universal 
gravitation ; for that theory asserting that all masses ex- 
ert an attractive influence, the results here pointed out 
must necessarily ensue, and the lateral action of the moun- 
tains correspondingly draw the plummet aside. 

What is a plumb-line ? At considerable distances from one another aie 
j»lnmb-!ines parallel ? What conclusion is drawn from this fact t What 
\* the effect of mountain masses ? 



OF FALLING BODIES. 86 



LECTURE XIX. 

The Descent of Falling Bodies. — Accelerated Motion, 
— Different bodies faU with equal velocities, — Laws of 
Descent as respects Velocities, Spaces, Times. — Prin- 
ciple of Attwood'g Machine, — It verijies the Laws of 
Descent — Resistance of the Atmosphere* 

Observation proves that the force with which a falling 
body descends depends upon the distance through which 
it has passed. A given weight falling through a space of 
an inch or two may give rise to insignificant results ; but 
if it has passed through many yards those results become 
coriiespondingly greater. 

Gravity being a force continually in operation, a falling 
body must be under its influence during the whole period 
of its descent. The soliciting action does not take effect 
at the first moment of motion and then cease, but it con- 
tinues all the time, exerting as it were a cumulative effect. 
The falling body may be regarded as incessantly receiv- 
ing a rapidly recurring series of impulses, all tending to 
drive it in the same direction. The effect of each one is, 
therefore, added to those of all its predecessors, and a uni- 
formly accelerated motion is the result. 

Falling bodies are, therefore, said to descend with a uni- 
formly accelerated rnotion. 

As the attraction of the earth operates with equal in- 
tensity on all bodies, all bodies mtist fall with equal ve- 
locities, A superficial consideration might lead to the 
erroneous conclusion that a heavy body ought to descend 
more quickly than a lighter. But if we have two equal 
masses, apart from each other, falling freely to the ground, 
they will evidently make their descent in equal times or 
with the same velocity. Nor will it alter the case at all 
if we imagine them to be connected with each other by 
an inflexible line. That line can in no manner increase 
or diminish their time of descent. 



What is the difference of effect when bodies have fallen through differ- 
ent spaces ? Why does gravity produce an accelerated motion t Do all 
bodies fall to the earth with the same or different velocities 1 
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L • ::.-«■. rr "wi.ic!: z "bf^dr falls in one second of 
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:.r.f. ' i.r • r : : r^L.. fXTertt in diferem laliiuJes. Ills, 
•j. u . ' -. • ..• ..L 1 '.fst.nsh.^ec a: sixteen feet and one tentL 
.-. r : • -.r •■•.■: .■: crs-vj^i- ;i lo produce a uniformlT 
L : . r '.':.:■■. zz} •:. •: . . :./. t r'f. al t tJccitt^-f of a d^$€ending Wy 
».' . '■'..■■! J ■••'' * »;.;/ .ir^iuM: iLus, at the end of two 
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: ■^* :'...: : ".•:■'. lt i «•: ci.. Therefore the final velocity 
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T'.f f:*:-'.} '\-:hr}, ^rlirl ?'if lodi/ descends in eqvcl 
r%-:". ■'' _:•■.■•:. •»-■' ■"/" :*?»»'.f increase at the numbers lJS.b.1, 
^:.: :: .: > :; riv :-> the h.-dy descends through sixteea 
fto: -: 5 ■ : e :t:-:h :r. ihe first second, the subeeqaeut 
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and T>:f>e i:un.bc: < are evidently as 1.3.5, &c. 

T'.'. *?■.:■. ft .<;-.:•.? t'KrohS'i irlich a body Jails increases (U 
t^t f'^u'.irty 'jt':'.'. :<.'?.{f. Thus, the entire space is. 

For :r.f :::s: secoisd . . ^^A- feet. 
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and these numbers are evidently as 1.4.9, &c., which are 
themselves the stjuares of the numbers 1.2.3, Sec. 

If a hiuhf continued Jail ins ^ci(k the jinal velocity it Kai 
acquired after Jailing a giren time, and the operation of 
gravity were then suspended y it would descend in the sam^ 
length of time through twice the xpace it Jell tlirough hcfort 
relieved from the action of gravity. 

In tli« space through which a body descends ever>' where the same! 
M'liat is tlio rrlation between final velocities and times ? What relatkn 
IN tliere between the spaces and times ? What between the entire spaces 
and times? Suppose a body continues to fall, gravity being suspended, 
vrhat is the relation of the space through which it will move with that it 
has already fallen through, the times being equal? 
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The following table imbodies the results of the three 
first laws. 

Times 1 .2.3.4.5.6.7, &c. 

Final velocities 2.4.6.8.10.12.14, &c 

Space for each time .... 1.3.5.7.9.11.13, &c. 

Whole spaces 1.4.9.16.25^.4d, &c. 

It would not be easy to confirm these results by ex- 
periments directly made on falling bodies, the space 
described in the first second being so great (more than 
sixteen feet), and the spaces increasing as the squares of 
the times. There is an instrument, however, known as 
Attwood's machine, in which the force of gravity being 
moderated without any chang^ in its essential characters, 
we are enabled to verify the foregoing laws. 

The principle of Attwood's machine is this. Over a 

Jmlley, A, Fig. 94, let there pass a fine silk ^.94. 
ine which suspends at its extremities equal ^^ 
weights, h c. These weights, being equally ^" 

acted upon by gravity, will, of course, have 
no disposition to move ; but now to one of the 
w^eights, c, let there be added another much 
smaller weight, d^ these conjointly prepon- ^< 
derating over &, will descend, b at the same 
time rising. It might be supposed that the 
small additional weight, d, under these cir- i 

cumstances, would i^ll as fast as if it were w^ 

unsupported in the air ; but we must not forget that it has 
simultaneously to bring down with it the weight to which 
it is attached, and also to lift the opposite one. By its 
gravity, therefore, it does descend, but with a velocity 
which is less in proportion as the difference between the 
two weights to which it it affixed is less than their sum. 
It gives us a force precisely like gravity — indeed it is 
gravity itself — operating under such conditions as to allow 
a moderate velocity. 

To avoid friction of the axle of the pulley, each of its 
ends rests upon two friction- wheels, as is shown at Q, 
Fig- 95 ; P is the pillar which supports the pulley. Ouo 
of the weights is seen at 6, the other moves in front of 
the divided scale c d. This last weight is made to pre- 

What is the principle of Attwood's machine I Why does not the addi- 
tional weight fall as fast as if it fell fteely 7 Peacribe the construction of 
the machme. 
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pondenitc by means of a rod. There is a shelf whid 
r.. u can be screwed opptMite any of the £■ 

visionB of the scale, and the arrinl d 
the descending weigfat at thatpointi 
indicated by the sound arising inn 
its striking. A clock, R, iodicita 
the time which has elapsed. To en- 
ehle us to fulfill the cundition of m» 
pending the action of gravity si tgf 
momeiit, s shelf, in tbe form of a rinj, 
is screwed upon the scale at tfae pns 
required. Tnrough this the d««ceD^ 
infr weight can freely pass, but tls 
ifnl which caused the prepooderaiM 
ia imercepted. The equality of d« 
iwti weights is, therefore, reasaiimed, 
and ihc action of gravity TirtuBllyii» 




ided. 



Dy this machine it maybe shom 
that, in order that the descendiof 
K'pight nhall strike the ring at intn- 
rals of 1, 2, 3, 4, Sec, seconds, count- 
ing from the time at vrhich its M 
commences, the ring must be placed 
It distances fix>m the zero of tbe uali, 
^ which are as the numbers 1, 4, 9, 16, 
&c. ; and t cse are the squares of the times. And in the 
same roatmer may the other laws of the feUiag of bodies 
be proved. 

n , . , rtically upward it rises with 

osing 33} feet of its origtnil 



occupy u 



n a body ia throw 
an equably retarded molii 
velocity every second. If in vacuo, it would 
much time i>i rising a. 
velocity, and the limeB t 
would be the same. 

Forces which, like gravity, in this instance, produces 
retardation of motion are nevertheless designated ss a& 
celerating forces. Their action is such that, if it wers 
brought to bear on a body at rest, it would give rise to ui 
accelerated motion. 

GiTe an illustration of il»n»B. Whal iil!i8 effect when a body inhromi 
VSTlicsltT upward T Under what gigniScBiioa is tbe Isnn •' iccelenriiif 
forces" Bonetunes used T 
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In rapid movements taking plactf in the atmoapher 









disturbing agency a 

tfae air: — a diaiurbance which becomea the 
more striking aa the deacending body is 
lighter, or expoaes more surface. If a piece 
of gold and a feather are suffered to drop 
from a certaiu height, the gold reaches the 
ground much sooner than the feather. Thus, 
if in a tall air-pump receiver we allow, by 
turning the button, a. Fig. 96, a gold coin and 
a feather to drop, the feather occupies much 
longer than the coin in etlecttng^ its descent; 
and that this is due to the resistance of the 
tar is proved by withdrawing the air from 
tbe receiver, and, when a good vacuam is 
obtained, making the coin and the feather | 
faAX again. It will now be found that they 
descend in the same time precisely. 

Nor ia it alone light bodies which are subject to this 
disturbance : it is common to all. Thus it was found that 
a ball of lead dropped fi-om the dome of St. Paul's Cathe- 
dral, ill London, occupied i\ seconds in reaching the 
pavement, tbe distance being 373 feet. But in that time 
It should have fallen 334 feet, tbe retardation being due 
to tfae resistance of the air. 

It has been observed that the force of gravity ia not 
the same on all parts of the earth. >Vp-- !»7- 

Tbe distance fallen through in 

oue second nt the pole is 16-12 

feet ; but at the equator it is 

16-01 feet. This arises from the 

circumstance, that tbe eaith is 

not a perfect sphere, its polar 

diameter being shorter than its 

equatorial and, therefore, bodies 



tbe ] 



r to 1 



tban they are at tfae equator. Tfaua, 
ler N S represent the globe of the earth, N 




in Fig. 97, 
nd S being 



J} light bodie* 1 Wbat li the duUnea througb which ■ rilling boilir 
»!()* at the equator and U Ibe pulM I What ii Uie Mason Dt this 
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the north and south poles, respectively. Owing to its 
polar being shorter than its equatorial diameter, bodies 
situated at different points on the surface may be at very 
different distances from the center, and the force of grav- 
ity exerted upon them may be correspondingly very dif- 
ferent. 



LECTURE XX. 

Motion on Inclined Planes. — Case of a Horiz(mtal,a 
Vertical^ and an Inclined Plane, — WeigJU expended 
partly in producing pressure and partly motion. — Lawi 
of Descent down Inclined Planes. — Systems of Plana* 
— Ascent up Planes, 

Projectiles. — Parabolic theory of Projectiles, — Disturb' 
ing agency of the Atmosphere,— Resistance to {Jannm- 
shot, — Ricochet, — Ballistic Pendulum, 

When if spherical body is placed on a plane set hori- 
zontally, its whole gravitation is expended in producing a 
pressure on that plane. If the plane is set in a vertical 
position the body no longer presses upon it, but descends 
vertically and unresisted. At all intermediate positions 
which may be given to the plane the absolute attraction 
will be partly expended in producing a pressure upon 
that plane, and partly in producing an accelerated de- 
scent. The quantities of force thus relatively expended 
in producing the pressure and the motion will vary with 
the inclination of the plane : that portion producing press- 
ure increasing as the plane becomes more horizontal, and 
that producing motion increasing as the plane becomes 
more vertical. 

Let there be a ball descending on the surface of an in- 
clined plane, A B, Fig, 98, and let the line d e represent 
its weight or absolute gravity. By the parallelogram of 
forces we may decompose this into two other forces, df 

_ — ' ■ ■___ ■_ 

What are the phenomena exhibited b^ a spherical bodv placed on planes 
of different inclinations? into what iorcee may the absolute gravity of 
the body be resolved ? 



MOTION DOWN INCLINED PLANES. 



91 




and d g^ one of which is J^Xf.w. 

perpendicular to the plane 
and the other parallel to 
it. The fitist, therefore, is 
expendfKi in producing 
pressure upon the plane, 
and the second in pro- 
ducing motion down it. 

The following are the laws of the descent of bodies 
down inclined planes. 

The pressure on the inclined plane is to the weight of 
the body as the base, B C, of the inclined plane is to its 
length, A B. . * 

The accelerated motion of a descending body is to that 
which it would have had if it fell freely as the height, A 
Cy of the plane is to its length, A B. 

The final velocity which the descending body acquires 
i» equal to that which it would have had if it had fallen 
freely through a distance equal to the height of the plane ; 
andf therefore, the velocities acquired on planes of equal 
height, but unequal inclinations, are equal. 

The space passed through by a body falling freely is to 
that gone over an inclined plane, in equal tmes, as the 
length of the plane is to its height. 

If a series of inclined planes be represented, in position 
and length, by the chords of a circle termi- rig, 99 
natin^ at the extremity of the vertical diame- A^ 
ter^ the times of descent down each will be 
equal, and also equal to the time of descent 
through that vertical diameter. Thus, let A 
D, A Gr, D B, Q- B be chords of a circle ter- 
minating at the extremities, A B, of the ver- 
tical diameter; and, regarding these as inclin- 
ed planes, a body will descend from A to D, 
or A to G, or D to B, or 6 to B in the same 
time that it would fall fi*om A to B. 

If a body descend down a system of several planes, A 




What effects do those forces respectiTely produce ? What relation is 
there between the pressure on the inclined plane and the weight of the 
body T What is the relation between the velocities in descent down a 
plaoe and free falling ? What is the final velocity equal to ? What is the 
relation of the space passed through ? What is Fig. 99 intended to ill us- 
tntet 
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C, Fig. 100, with different inclinations, it will acquire 
Fig. 100. the same velocity as it would have 

had in descending through the same 
vertical height, A B, though the 
times of descent are unequal. 

If a body which has descended 
an inclined plane meets at the foot 
of it a second plane of equal alti- 
tude, it will ascend this plane with 
^^^^ the velocity acquired in coming 
C down the first, until it has reached 

the same altitude from which it descended. Its velocity 
being now expended, it will re-descend, 'and ascend the first 
plane as before, oscillating down one plane, up the other, 
and then back again. The same thing will .take place 
Fig 101. if^ instead of being over an inclined 

plane, the motion be made over a 
curve, as in Fig, 101. In practice, 
however, the resistance of the air 
and friction soon bring these motions to an end. 

In the motions of projectiles two forces are involved— 
the continuous action of gravity, and the momentary force 
which gave rise to the impulse — such as muscular ex- 
ertion, the explosion of gunpowder, the action of a 
spring, &c. 

The resulting effects of the combination of these forces 
will differ with the circumstances under which they act. 
If a body be projected downward, in a vertical line, it fol- 
lows its ordinary course of descent, its accelerated motion 
arising from gravity being conjoined to the original pro- 
jectile force. But if it be thrown vertically upward, the 
action of gravity is to produce a uniform retardation. 
Its velocity becomes less and less, until finally it wholly 
ceases. The body then descends by the action of the 
earth, the time of its descent being equal to that of its as- 
cent, its final velocity being equal to its initial velocity. 

But if the projectile force forms any angle with the 
direction of gravity, the path of the body is in a para- 
bolic curve, as seen in Fig. 102. If the direction. of 




Describe the phenomena of motion on curves. What forces are involT- 
ed in the motion of a projectile ? What are the effects in vertical projec- 
tion upward and downward? What is the theoretical path in angular 
projection ? 
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the projection be horizontal, the 
path described will be half a para- 
bola. 

This, which passes under the title 
of the parabolic theory of projec- 
tiles, is found to be entirely de- 
parted from in practice. The curve 
described by shot thrown from guns 
is not a parabola, but another curve, 
the Ballistic. In vertical projections, instead of the times 
of ascent and descent being equal, the former is less. The 
final velocity is not the same as the initial, but less. Nor 
is the descending motion uniformly accelerated ; but, after 
a certain point, it is constant. Analogous differences are 
discoverea in angular projections. 

The distance through which a projectile could go upon 
the parabolic theory, with an initial velocity of 2000 feet 
per second, is about 24 miles : whereas no projectile has 
even been thrown farther than five miles. 

In reality, the parabolic theory of projectiles holds only 
for a vacuum. And the atmospheric air, exerting its 
resisting agency, totally changes all the phenomena — not 
only changing the path, but whatever may have been the 
initial velocity, bringing it speedily down below 1280 feet 
per second. 

The cause of this phenomenon ^- ^^• 

may be understood from Fig. 
103. Let B be a cannon-ball, 

moving from A to C with a ve- A B (^^ ^]:" ^ 

locity more than 2000 feet per 
second. In its flight it removes a 
column of air between A and B, and as the air flows into 
a vacuum only at the rate of 1280 feet per second, the 
ball leaves a vacuum behind it. In the same manner it 
powerfully compresses the air in front. This, therefore, 
steadily presses it into the vacuum behind, or, in other 
words, retards it, and soon brings its velocity down to 
such a point that the ball moves no faster than the air 
moves — that is, 1280 feet per second. 

b this the path in reality ? Mention some of the discrepanciei between 
the theoretical and actual movements of projectiles. What are these dia- 
crepeocies dae to? Describe the nature of the resistance exerted en a 
cuDOD-ihot in its paasafe through the air. 
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A shot thrown with a high initial velocity not only de- 
viates from the parabolic path, but also to the right and 
left of it, perhaps several times. A ball striking on the 
earth or water at a small angle, bourrds forward or rico- 
chets, doing this again and again until its motion ceases. 
Fig. 104. The initial velocity given 

by gunpowder to a ball, and, 
therefore, the explosive for^^ 
of that material may h^ mh 
tennined by the Ballistic pen- 
dulum* This consists of a 
heavy mass. A, Fig. 104, sus- 
pended as a pendulum, so as- 
to move over a graduated arc. 
Into this, at the center of per- 
cussion, the ball is fired. The 
pendulum moves to a corresponding extent over the grad- 
uated arc, with a velocity which is les^ according as the 
weight of the ball and pendulum is greater than the 
weight of the ball alone. 

The e^losive force of gunpowder is equal to 2000 at- 
mospheres. It expands vnih a velocity of 5000 feet per 
second, and can tiommunicate to a ball a velocity of 2000 
feet per second. The velocity is greater with long than 
short guns> because the influence of the powder on the 
ball is longer continued. 




LECTURE XXI. 

Op Motion Round a Center. — Peculiarity of Motion o% 
a Curve, — Centrifugal Force, — Conditions of Free Cur- 
vilinear Motion, — Motion of , the Flanets. — Motion in a 
Circle, — Motion in an Ellipse, — Rotation on an -4«w.— 
Figure of Revolution, — Stability of the Axis of Rota- 
tidn. 1 

In considering the motion of bodies down inclined 
planes, we have shown that the action of gravity upon 

What is meant bj ricochet! Describe the ballistic pendulum. What 
28 the estimate of the explosive force of gunpowder ? What is the veloci- 
ty of its expansion ? What is the velocity it can communicate to a ball f 
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tbem may be divided into two portions-— one producing 
presrare upon the plane, and therefore acting perpendic- 
ularly to its surface; the other acting parallel to the plane, 
sod therefore producing motion down it. 

It has also been shown that, in some respects, there is an 
analogy between movements over inclined planes and over 
Gurveid lines, but a further consideration proves that be- 
tween the two there is also a very important difference. A 

'|taaflDre occurs in the case of a body moving on a curve 
which is not found in the case of one moving on a plane. 
It arises from the inertia of a moving body. Thus, if a 
body commences to movo down an inclined plane, the 
force producing^ the motion is, as we have seen, parallel 
to the plane. From the first moment of motion to the 
last the direction is the same, and inasmuch as the inertia 
of the body, when in motion, tends to continue that mo- 
tion in the same straight line, no deflecting agency is en- 
countered. 

But it is very different with Fig. los. 

motion on a curve. Hero the 
direction of descent from A to A^ 
B is perpetually changing ; the 
curve from its form resists, and 
therefore deflects the frilling 
body. At any point its inertia 
tends to continue its motion in 
a straight line : thus, at A, were 
it not for the curve it would 
move in the lino A a, at B in 
the line B d, these lines being tangents to the curve at the 
points A and B. The curve, therefore, continually de- 
flecting the falling body, experiences a pressure itself-^a 
pressure which obviously does not occur in the case of 
an inclined plane. This pressure is denominated ** cen- 
trifugal force," because the moving body tends to fly from 
the center of the curve. 

In the foregoing explanation we have regarded the 

. body as being compelled to move in a curvilinear path, 
by means of an inflexible and resisting surface. But it 
may easily be shown that the same kind of motion will 

Explain the diflference between motion on inclined planes and motion on 
cnnre*. What is meant by centrifugal force T Under what circumstances 
can currilinear motion ensoe without the interrentidn of a rigid cunre ? 
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Fig. 106.: 




ensue without any such compelling or resisting surface, 
provided the body be under the control of two forces, 
one of which continually tends to draw it to the cen- 
ter of the curve in which it moves, while the other, as 
a momentary impulse, tends to carry it in a different di- 
rection. 

Thus, let there be a 
body. A, Fig. 106, attract- 
ed by another body, S, 
and also subjected to a 
projectile force tending 
to carry it in the direction 
A H. Under the con- 
joint influence of the two 
forces it will describe a 
curvilinear orbit, A T W. 
The point to which the 
first force solicits the 
body to move is termed 
the center of gravity — 
that force itself is desig- 
nated the centripetal force, and the momentary force 
passes under the name of tangential force. 

The followingexperiment 
clearly shows how,' under 
the action of such forces, 
curvilinear motion arises. 
Let there be placed upon a 
table a ball. A, and from the 
top of the room, by a long 
thread, let there be suspend- 
ed a second ball, B, the point 
of suspension being verti- 
cally over A. If now we re- 
move B a short distance 
from A, and let it go, it falls 
at once on A, as though it 
were attracted. It may be 
regarded, therefore, as under 

the influence of a centripetal force emanating from A* 

- ' ■ 

What must the nature of the two forces bo ? What is the center of 
gravity ? What is the centripetal force ? What is the tangential force 7 
Describe the experimeit Illustrated in Fig. 107. 



Fig.im. 
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But if, instead of simply letting B drop upon A, we giye 

it an impulse in a direction at right angles to the line ir 

which it would have fallen, it at once pursues a cur\'ilin- 

ear path, and may be made to describe a circle or an el- 

h'pee according to the relative intensity of the tangential 

force griven it. 

This revolving ball imitates the motion of the planetary 
bodies round the sun. 

To understand how these curvilinear motions arise, let 
C be the center of gravity, and sup- 
pose a body at the point a. Let a tan- 
gential force act on it in such a man- 
ner as to drive it from a to b, in the 
aame time as it would have fallen from 
a to d. By the parallelogram of forces "^ 
it will move to^! When at this point, 
J^ its inertia would tend to carry it in 
the directiony*^, a distance equal to a 
yi in a time equal to that occupied in 
passing from a lof; but the constant 
attractive force still operating tends to 
bring it to ^; by the parallelogram of 
forces it therefore is carried to k ; and 
by similar reasoning we might show 
that it will next be found at n, and so on. But when we 
consider that the centripetal force acts continually, and 
not by small interrupted impulses, it is obvious that, in- 
stead of a crooked line, the path which the body pursues 
will be a continuous curve. 

The planets move in their orbits round the sun, and 
the satellites round their planets, in consequence of the 
action of two forces — a centripetal force, which is gravi- 
tation, and a tangential force originally impressed on them. 

The centrifugal force obviously arises from the action 
of tjie tangentiaL It is the antagonist of the centripetal 
force. 

The figure of the curve in which a body revolves is de- 
termined by the relative intensities of the centripetal and 
tangential forces. If the two be equal at all points the 
curve win be a circle, and the velocity of the body will 

Explain why this cunrilinear motion ensues. What forces direct tlio 
motions of the planets ? What is the relation between the centnpetal 
and centrifiigal force ? 

E 
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be uniform. But if the centrifugal force at different- 
points of the body's orbit be inversely as the square of its 
distance from the center of gravity, the curve vv^ill be an 
ellipse and the velocity of the body vaiiable. 

In elliptical motion, which is the motion of planetary 
bodies, the center of gravity is in one of the foci of the 
ellipse. All lines drawn from this point to the circumfe- 
rence are called radii vectores, and the nature of the mo- 
tion is necessarily such that the radius vector connecting 
the revolving body with the center of gravity sweeps over 
equal areas in equal times. 

The squares of the velocities are inveraely as the dis- 
tances, and the squares of the times of revolution are to 
each other as the cubes of the distances. 

JF^. 109. 




Let A B D E be an elliptical orbit, as, for example, that 
of a planet, the longest diameter being A B, and the short- 
est D E. The points F and G are the foci of the ellipse, 
and in one, as F, is placed the center of gravity, which, 
in this instance, is the sun. The planet, therefore, when 
pursuing its orbit, is much nearer to the sun when at A 
than when at B. The former point is, therefore, called 
the perihrelion, the latter the aphelion^ and D and E points 

By what circumstance is the figure of the curve determined ? Under 
what circumstances is it a circle ? Under what an ellipse ? - What is tho 
radius vector? What are the laws of elliptic motion? 



FIGURE OF REVOLUTION. 99 

ptmean distance. The line A B, joining the perihelion 
and aphelion, is the line of the apsides ; it is also the gieat- 
er or transverse axis of the orbit, and D E is the conju- 
gate or less axis. A line drawn from the center of grav- 
ity to the points D or E, as F D, is the mean distance, F 
i« the lower focus, G the higher focus, A the loicer apsis, 
B the higher apsis, and F C or G C — that is the distance 
of either of the foci from the center — the excentricity. 

When a body rotates upon an axis all its paits revolve 
in equal times. The velocity of each particle increases 
with its perpendicular distance from^the axis, and, there- 
fore, BO also does its centrifugal force. As long as this 
force is less than the cohesion of the particles, the rotating 
body can preserve itself, but as soon as the centrifugal force 
overcomes the cohesive, the parts of the rotating: mass fly off 
in directions which are tangents to their circular motion. 

There are many familiar instances which are examples 
of these principles. The bursting of rapidly rotating 
masses, the expulsion of water from a mop, the projec- 
tion of a stone from a sling. 

If the parts of a rotating body have freedom of motion 
among themselves, a change in the figure of that body 
may ensue by reason of the difference of centrifugal force 
of the different parts. Thus, in the case of the earth, the 
figure is not a perfect sphere, but a spheroid, the diame- 
ter or axis upon which it revolves, called its polar diam- 
eter, is less than its equatorial, it having assumed a flat- 
tened shape toward the poles and a bulging one toward 
the equator. At the equator the centrifugal force of a 
particle is ^ J^ of its gravity. This 
diminishes as we approach the 
poles, where it becomes 0. The 
tendency to fly from the axis of 
motion has, therefore, given rise 
to the force in question. Ej 

In Fig, 110, we have a repre- 
sentation of the general figure of 
the earth, in which N S is the 
polar diameter and also the axis 
of rotation, E'E, the equatorial diameter. 

Define the Tarioos parts of an elliptic orbit. Describe the phenom«iJ» 
of roution on an axis. What figure does a morable rouuug warn teoa 
toaammeT 
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TIlia may be illustrated by an instruinent represented I 
Fie.ni. in Fig. Ill, which conaiata 

of a set of circular hoops, I 
made of brass or other elaa- 
7 tic matHrial. They are fast- 
ened upon an axis at thepoint 
a, but at the point b cao slide 
up and down the axis. "When 
at rest they are of a circular 
_ form. By a miilriplytng- 
wheel a rapid rotation can 
he given them, and when this 
' I done they depart from the 
ircular shape and afisume 
n elliptical one, the shorter 
ixis being the axis of rotation 
But if the porta f f the rotating body have not perfect 
fif 11*. freedom of mc lion among themselves , 

their centriiugal force gives rise to a 
If the 





sjm 






lathe a 



la, the 



reeultinsr pressures compensate each 
other But as each one of the rotating 
pai tides by reason of its inertia, has 
a disposition to continue its motion in 
the same plane it is obvious that such 
ajree axis can only be disturbed from 
Its position by the enercise of a force 
nt to o^ercome that effect It is this result which 

is so well illustrated by Eohnenberger'a machine {Pig. 

112) already described 






What does Iha L 



:b1b? iJnJar what c 
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LECTU14E XXII. 

Of Adhesion and Capillary Attraction. — AdJiesion of 
Solids and Liquids. — Law of Wetting, — Capillary At- 
traction.''— Elevations and Depressions. — Relations of the 
Diameter of Tubes, — Motions by Capillary Attraction.-^" 
Endosmosis of Liquids and of Gases. 

To the arm of a balance, b c, Fig. 1 13, let there be at- 
tached a flat circular plate of glass, f^g- lis. 
fly and let it be equipoised by the 
weights in the opposite scale, d; 
beneath it let there be brought a 
cup of water, e, and on lowering the 
glass plate within an inch, or even 
withih the hundredth part of an 6= 
inch of the water, no attraction is exhibited ; but if the 
glass and the water are brought in contact, then it will re- 
quire the addition of many weights in the opposite scale 
to pull them apart. 

If the cup, instead of being filled with water, is filled 
with quicksilver, alcohol, oil, or any other liquid, or if 
instead of a plate of glass we use one of wood or metal, 
the same effects still ensue. The force which thus main- 
tains the surface in contact is called '* Adhesion." 

Adhesion does not alone take .place between bodies of 
difierent forms. Two perfectly flat plates of glass or mar- 
ble, when pressed together, can only be separated by the 
exertion of considerable force. In both this and the for- 
mer case the absolute force required to effect a separa- 
tion depends on the superficial area of the bodies in con- 
tact. 

If, on bringing a given solid in contact with a liquid, 
the force of adhesion is equal to more than half the co- 
hesive force of the liquid particles for one another, the 
liquid will adhere to the solid or wet it. Thus, the adhe- 

GWe an example of the adhesion of a solid to a liquid. Does this take 
place when liquids of difierent kinds are U8^ ? Does it take place when 
two •olids are employed 7 Under what circumstances does a liquid wet 
or not wet a solid I 
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capillaiT 
Wheneve 
bounding 



ube is sIbo to be remarked. 
r a liquid rises in a tube, its 
surface is concave upward. 
Fig, 119, where /^ is the 
a a llie surface. Wlien the 



liquid neither rises nor sinks, the sui<- 
face a a la plane, as at d e; when the 
liquid is depressed, tho sur&ce a a is 
convex upward, as se^n at b c. All 
these conditions may be exhibited by 
a. glass tube properly prepared. In such a tube, whan 
quite clean, the coiicavily and elevation of the liquid u 
seen ; if the Interior of the tube be slightly greased, the 
surface of the water in it ia plane, and it coincides in 
position wit^ the level ou the exterior. -If it be not onlj 
greased, but also dusted vrith lycopodium, the liquid II 
. depressed in it, and has a convex Hguro. 

~t may be shown, according to the principles of hydro* 



statics, that it is the assuroptiun of this 
which ia the cause of the elevation or depre 
'q capillary tubes. 



Mot 



lue among floating bodii 
quence of capillary 




of liquid* 



At 



It sight they might s 
cate the exertion of direct f 
of attraction and repulsion ema- 
nating from the bodies themaelvea; 
I but this In reality is not the case, 
1 motions arising in couaequenM . 
ft dlsCurbance of the figure of thm J 
surface on which the bodies float. Thus, If we grease 
two cork balls, A B, and dust them with lycopodium 
powder, ihey will, when set upon water, ropel the liquid 
all round, each ball reposing In a hollow space. If brought 
near to each other, their repulsion exerted on the waler 
at C makes a complete depression, and they fall towaid 
one another as though they were attracting each oth»', 
1, however, the lateral pressure of the water beTond 
"' n together. 



which forces ther 



s^ueacH of lliew facts. 



la which tata placo in floaliriK luidiee in con- 
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Agun, if ooe of the balla, E, is greased and dusted with 
lycopodium, and the other, D, clean, and therefore capa- 
Ue of being moistened, an elevation will exist all round 
D, and a depression round £. When placed near to- 
gether the baSa appear to repel each other, the action 
in this case, as in the former, arising from the figure of 
the surface c^the wa.ter. 

If we take a small bladder, or any other memhranous 
Kg. 111. cavity, and having &stened it on a tube 
open at both ends. A B, Fig. 121, fill the 
bladder and tube to the height, C, with alco- 
hol, and then imtneraethe bladder in a large 
vessel of water ; it will soon be seen that the 
level at C is rising, and at a short time it 
i reaches the top of the tube at B, and over* 
flows. This motion is evidently due to the cir- 
cnmstance that the water percolates through 
I the bladder, and the phenomenon has some- 
times been called eadoamosis, or itiward 
movement. Examination proves that while 
Hm watw is thus flowing to the inteiior, a little of the al- 
cohol is moving in the opposite way ; but as the water 
moves qaicker than the alcohol, there is an accumulation 
in theioterior of the bladder, and, consequently, a rise at C. 
One liquid will thus intrude itself into another with 
very great force. A bladder filled full of akohol, and its 
neck tightly tied, will soon burst open if it be plunged 
beneath water. 

Similar phenomena are exhibited by gases. If a jar 
Kg. IS. bo filled with carbonic acid gaa, and a 

piece of thin India-rubber tied over it, 
, ^^^ the carbonic acid escapes into the air 
T^P^ through the India-rubber, which becomes 
kj ^ deeply depi-esaed as at A, Fig. 122. But 
II if the jar oe filled with air, and be ex- 
j ^ posed to an atmosphere of carbonic acid, 
this gas, passing rapidly through it, ac- 
cumulates in the intenor of the vessel, and gives to the 
India-rubber a convex or dome-shaped form, as seen at B. 
Endosmoeis is nothing but a complex case of common 
cepillary att ruction. 
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The facts here described were originally discovered by 
Prieatley ; but at a later period attention was called to 
them by Dutrochet, who, regarding tiiera as being due to 
a peculiar physical principle, gave to the movements in 
question the names of endoamose and exoamoae, niean- 
iug inward and outward motion. But I have shown that 
there >b no reason to revert to any peculiar physical prin- 
ciple, since the laws of ordinary capillary attraction ex- 
plain every one of the facts. 

The bursting of a bladder filled with alcohol and sunk 
under water gives us some idea of the power with which 
the latter liquid forces its way into the raenibranous 
cavity ; and it is surprising with what a degree of energy 
these movements are often accomplished. An opposing 
pressure of two or three atmospheres seems to offer no 
obstacle jvhatever, and I have seen gases pass through 
India-rubber to mingle with each other, though resisted 
by pressures of from twenty to fifty atmospheres. 

Wheaever liquids which can commingle are placed on 
opposite sides of a membrane or cellular body which 
they can wet, motion ensues ; both liquids simultaneously 
moving in opposite directions, and commonly one much 
faster than the other. Thus, if a bladder full of gum- 
water is immersed in common water, the latter will find 
its way into the former against any pressure whatever. 

During the growth of trees, the tenninations of their 
roots, which are of a soft and succulent nature, and which 
pass under the name of s^n^iWej, are filled with a gummy 
material which originally was fortned in the leaves. The 
moist or wet soil with which the spangioles are in contact, 
continually furnishes a supply of water which enters tfaose 
organs in precisely the same way that it would enter a 
bladder fuli of gum-water. An accumulation takes place 
in the organs, and the liquid rises in the vascular parts of 
the root and the stem, which are in connection therewiflu 
To this wo give the name of ascending sap. It makes its 
way to the leaves, there to be changed into gum-watet by 
the action of the light of the sun. It is immaterial how 
high a tree may bo, the force now under considenilion is 
competent to lift the sap to any altitude. 

With what degrw of force Bre ihese moijona accomplisliedt WhM M 
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PROPERTIES OF SOLIDS. 



LECTURE XXIIL 

Qkneral properties of Solids. — Distinctive Properties. 
''^Changes hy particular Processes, — Absolute Strength. 
— lioteral Strength. — Resistance to Compression. — Tor- 
Torsion Balance. 



A BUBSTANCB which can of itself maintain an independ- 
ent figure has already been defined as a solid body. This 
peculiarity arises from the relative intensity of the attract- 
ive and repulsive forces which obtain among its particles. 
In solids the attractive predominates over the repulsive 
force; in liquids there seems to be little difference in their 
intensity ; in gases the repulsive force prevails. It is fur- 
ther to be observed, that portions of gas uniformly mix 
with each other; the same also takes place with liquids 
of a similar kind ; but when a fragment is broken from a 
solid mass mere coaptation will not effect reunion. 

The cohesive force of solids is exhibited in very dif- 
ferent degrees — some solids being brittle, and some duc- 
tile—some are hard, and others soft. Thus glass and 
bismuth may be pulverized in a mortar; but gold can be 
beaten out to an incredible extent by a hammer, and cop- 
per drawn into fine vdres. The diamond is the hardest 
of all substances known, and, from their possessing the 
same quality, rhodium and iridium are used for the tips 
of metallic pens, while other solids, such as potassium, so- 
dium, butter, are soft, and yield to a very moderate press- 
ure. 

Mentioo some, of the peculiarities of solid bodies. Give examples of 
tri ttlc neei , hiaidness, ana softness.. 



108 BTKEHGTII OF MATCKMLS. 

It haa already been HtateJ ihol the apecia] properties I 
which bodies possess can often be changed by proper I 
processes, Tbua glass, by slow cooling, loses much of 
Its brittlenesa; and steel may be made excessively bard by 
being ignited and [ben pluneed in cold water. Prince 
Rupert's drops furnish an illustration of these efTects; 
they are made by suffering drops of melted glass to ikll 
in water. The drop lakes on a pear-shaped form, ter- 
minating in a long thread. It will stand a tolerably beavy 
blow on the thick part, but bursts to dust if the tip of the 
thin part is broken. 

Solid substances differ very much in the important pecu- 
liarity of sTRENGTu. Of all bodies steel is the strongest. 
The strength of materiala may be considered in four 

1st. Absolute strength, or the resistance exerted against 
a force tending to tear asiitider. 

2d. Lateral or respective strength — the rewBtance ex- 
erted against being broken across. 

3d. Resistance to compression — that is to a force tend- 
ing to crush. 

4th. Strength of torsion — the resistance against separa- 
tion by being twisted. 

The absolute strength of a body may be determined by 
fastenitig its upper end and attaching weights to the lower 
till it breaks. The absolute strength is not afFecled by 
the length of a body, but is proportional to the area of 
its section. A rod of tempered steel, the area of which 
■ is one inch, requires nearly 115,000 lbs. to tear it asuoder. 
The strength of cords depends on the fineness of the 
strands ; damp cordage is stronger than dry. Silk cords, 
of the same ^iametei, have thrice the strength of those 
of flax, and a remarkable inci'ease of power arises from 
gluing the threads together. A hempen cord, the 
tlireads of which are glued, is stronger than the beat 

The lateral strength of a. beam of the shape of a paral- 
lelopipodon and of uniform thickness, suppoiied at its 

Can Iheaa properCieB be changed ? What phpnomenon do Prince Rn- 
pm'8 drop, eihibit ! Whal is mBanl by absgliite alteuBlh ' Whal bf 
lalerai? Wtiat by reaimanca to coinprpeaion T Whal by loision! How 
may absoiniantrBngLhbedetetromed f Cpim whatdoes it dependl What 
IB the law of laleral stitnglh of recluigulot tMama I 
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ends and loaded in the middle, is inversely as the length 
ind directly as the product of the hreadth into square of 
the depth. This strength is least when the whole weight 
acts at the middle, and is greatest when at the ends. 

The resistance to compression increases as the section 
of the body increases, and it diminishes as the body be- 
comes longer. When the body is only a thin plate, its 
resistance to compression is, however, very small ; but it 
iBpidly increases with increasing thickness — reaches a 
maximum, and then diminishes as the square of the length. 
This species of resistance is called into operation in the 
construction of pillars or columns. 

Torsion resistance is connected with the elasticity of a 
body. As respects this force, elasticity, we have already 
defined it, and shown that no solid substance is perfectly 
elastic, though gases are. Each solid has its own limit 
of elasticity, beyoncJ which, if it be strained, it takes a 
permanent set or it breaks. The limit of elasticity of glass 
IS the point at which it breaks, and that of iron or copper 
being reached, the metal takes a permanent set. 

The resistance arising from elasticity is proportional to 
the displacement of the particles of the elastic body. 

The application of this law is in- 
volved in sevei*al valuable philosoph- 
ical instruments, among which may 
be mentioned the torsion balance, 
used for the determination of weak 
electric or magnetic forces. 

The torsion balance consists of 
a delicate thread of glass or other 
highly elastic substance, a h. Fig, 
123, fastened at its upper end, a, to 
a button, which turns stiffly in the 
graduated plate, c, and to its lower 
end at 6, a lever, h d, is affixed trans- 
versely. The thread is inclosed in 
a glass tube, B, and the transverse 
lever moves in a glass cylinder, A. 
It is thus protected from the dis- 
turbance of currents of air. Round this cylinder, from 

What is the law for resistance to compression ? With what property- 
is torsion connected ? What is the law of resistance by elasticity ? De- 
»ihfl the tonie|i balafwo. 
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to 180, gniiJoated divisions are marked, and the wliolo' 
instrument can be leveled by means of acrewsyyl 

Suppose, now, it were required to measure any feeble' 
repulsive force as the repulsion of a little electrified ball, e. 
If tbia ball be introduced into the interior of the cylinder 
through an aperture in the top, as shown in the Fig. 123, 
the index ate and the ball at d being both at the zero of 
their respective scales, the repulsion of e will drive iha 
movable ball d through a certain number of degrees. 
By twisting the button at a, we can compel d to go back 
to its original position ; and thenumberof degrees through 
which the thread must be twisted to effect this, measures 
the repulsive force for the angle of torsion is always pro- 
portional to the force exerted. Of all methods for determ- 
ining feeble forces in a horizontal plane, the torsion 
balance is the most delicate and 



LECTURE XXIV. 
The Center of Gravity. — Definitioa of the Center of 
Graviti/. — Line of Direction. — FosiHon of Eqmlitriitnt. 
— Tfirre Conditions of Support. — Resulting States tif 
Egmlilrrium. — Stability of Bodies. — Tlte Floating of 
Bodies. 

In every soliC body there exists a certain point found 
which ils material particles are arranged so as to be 
equally acted on by gravity. The gravitating forces 
soliciting these particles may bo regarded as acting in 
lines which are parallel to one another; for the common 
point of attraction, [he center of the earth, is so distant, 
drawn from it to the different particles of any 
its aorface, are practically parallel. To this 
s founil in every body, no matter what may be 
or density, the term " Center of Grauity" is 
apphed. 

A line which connects the center of gi-avity with the 
centre of the earth (or, what is the same thing, a lino 



that liu 
point., 



nib; thacenier of gnvUTDT bodies 1 
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CONDITIONS OF SUPPORT. Ill 

■m 

dranirn from the center of gravity perpendicularly down- 
ward) is called " the line of direction." If a solid be suf- 
fered to fall, its center of gravity moves along the line of 
directioD until it reaches the ground. 

In our reasonings in relation to solids, we may regard 
them as if all their material particles were concentrated 
in one point' — ^that point being the center of gravity — 
this being the point of application of the earth's attraction. 
It follows, therefore, that if a body has freedom of motion, 
it cannot be brought into a position of permanent equilib- 
rium until the center of gravity is at the lowest place. 

To satisfy this condition, sometimes effects which are 
apparently contradicto- ^'gr- 124. 

tory will ensue. Thus, 
the cylinder, m, Fig, 
124, so constructed, by 
being weighted on one 
side, as to have its cen- 
tre of gravity at the 
point g, while its ge- ^ 
ometrical center is at c, will roll up an inclined plane, A 
B, continuing its motion until, as shown at m', where the 
center of gravity, ^, is in the lowest position. 

A prop which supports the center of gravity of a body 
supports the whole body. There are three different po- 
sitions in which this support may be given : — 

1st. The prop may be applied directly to the center 
Itself. 

2d. The point of support may have the center imme- 
diately below it. 

3d. The point of support may have the center imme- 
diately above it. 

In the first case, when the point of support is directly 
applied to the center of gravity itself, the body, whatever 
its figure may bd, will remain at rest in any position — as 
is the case in a common wheel, the center of gravity of 
which is in the center of its figure, and this being sup- 
ported upon the axle, the wheel rests indifierently in any 
position. 

Let bad. Fig. 125, be a brass semi-circle, weighted 

What is the line of direction ? What is the position of equilibrium of 
the crater of gravity ? In what three positions may the center of gravity 
be sapported f What phenomena arise in the first position ? 
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at tlie parts b d to auch 
that the center of gravity falls npoa' 
the line connecting i and d. To a 
fasten a light arm, a c, long enougb 
to reach to that line, and on this 
aim, as shown by the figure, tha 
whole body may be balanced, 

2d. Thepoint of support maybe 
above the center of gravity. In 
this case, if the body have freedom 
J of motion, it will not rest in equi- 
I librio until its center of gravity has 
descended to the lowest position 
mil it ia perpendicularly beneath the point of 
Buspenaion. Thus, let there be a circular 
plate, E c. Fig. 126, the center of gravity 
t of which is ftt c, and let it be suspended at 
/ the point E, having ireedom of motion cm 
that point. Whatever position we tn»y 
give it to the right or left, as sltotvii by the 
i mores, and is only at rest whtta E 
and c are in t)ie same perpendicular line. 

In the same manner, if a ball be suspended to a point 
by a thread, whatever position may be given it, there ia 
but one in which it will remain at rest, and that is when 
its center of gravity ia immediately beneath the point of 
suspension, and the thread in a Vertical line. 

3d, The point of support may be beneath tho center 
of gravity. In this case, also, the body will he in equilib- 
rio and at rest ; but the nature of its equilibrium diffen 
essentially from that of the foregoing case, as we shall 
presently see. A sphere iipon a horizontal plane afTords 
a cose in point; and, as its center of gravity is also its 
center of figure, it will be at i-e.st, no matter what may 
be the pailicular point of its surface to which the support 
is applied. 

Upon tho principle that if a body be suspended freely, 
and a perpendicular be drawn from the poiut of suspen- 
sion, it will pass through the center of gravity, we ara 
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often enabled to determine the posi- Jif. 1S7. 

lioa of that center experimentally. 
Thns, let the plane body, ABC, Fig. 
127, be supported by a thread attach- 
ed to the point A, and to the same 
point let there be attached a plunib- 
line: this line, because it is perpen- 
dicular, will pass through the center 
of gravity; let the line A 19, against 
which the plumb-line hangs, be marked 
upon the body. Next, let it be suspended, in like man- 
ner, by another point, B, to which the plumb-line is also 
attached; the direction, B m\ of the plumb-line will, iu 
thiB case, intersect its direction in the former case at f!>ome 
point, such as G. This will be the center of gravity. 

When the center of gi-avity is above the p-^int of s'js- 
pension, there is produced a pressure upon that j^^int. 
When the center of gravity is beneath the point 02* Mifc- 
peosion, there is produced a pull upon that poirjt. 

The stability of bodies is intimately conn<^rcted v.ith th«; 
position of their center of gra\'ity. A body may be in a 
condition, 1st, of indifferent ; 2d, of stable; 3d, of insta- 
ble equilibrium. 

Indifferent equilibrium ensues when a body is ^.upfX/rt- 
ed upon its center of gravity; for then it ib immv.'.'n^] 
what position is eiven to it — ^it remains in all at t*:\\. 

Stable equilibrium ensues when the point of support \n 
above the center of gravity. If the borly be di^turbe^I 
from this situation, it oscillates for a time, and finaiiy T»y 
turns to its original position. 

Instable equilibrium is exhibited when the point of 
support is beneath the center of gravity. 7'he b<^^jy beini;^ 
movable, in this instance, it revolves upon it? poir/t of 
support, and turns into such a position that its obuUsr *X 
grravity comes immediately beneath that point. 

In the theory of the balance, hcrreafter to be d'^vr.'-ibe/], 
tliese facts are of the greatc^st importance. 

When bodies are siq?ported upon a basis, tljelr ttVihWity 
depends on the position of their line of direction. The 

In what ca»e does a preMare »n4 in what a jn.i uy/r, ty*« ;^'/r>* '/ »**•- 
pension arise? How msny kirid* of equijir^f^m ntnj vt *!t,*u*:i%}AA'' 
1 JmJer what circumsUnces do t>iesa ansa ? On w b*t oe^sa U^ t^xnuiXy *A 
budiea depend f 
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line of direction has already been defined to be 
drawn frpm the center of gravity perpendicularly down- 

If the line of direction falls within the bi 
the body remains Hupported. 

If the line of direction falls onl^ 
ide the basis of EUpport, the body 




s of support. I 



1, let there be a block of 

^ wood or metal, Fig. 128, of which 

1 center of gravity, c d the 

line of direction, and let it be Bup- 

_ ported on its lower face, a i. So 

I line of direction falls within this bosie, the 

n equilibrio. 

Again, let there be another block,. 
Fig. 129, of which c ih the center of 
gravity and c d the lino of direction, 
InasniTich as tbia falls- outside of the 
basis, a b, the body oveiturna. 

A ball upon a horizontal plane hat 
its line of direction within its point of 
support ; it therefore rests indiHerently 
in any position in which it may be laid. 
But a ball upon an inclined plane has 
its line of direction ontaide its point of support, and there- 
fore it falls continually. 

From similar considerations we understand tha n&tnro 
of the difficulty of poising a needle upon its point. The 
Fig. 130. center of gravity is above 

the point of support, and it 
is almost impossible to ad- 
just things so that the line 
of direction will fall within 
the basis. The slightest in- 
clination instantly causes it 





When the c. 



ity is very low, or near the 



WhHl ii the ontiilitlon furnippart, and whel Cc 
dlfflcuK 
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V&sis, there is more difficulty in throwing the line of 
direction outside the basis than when it is high. For this 
renBon carriages, which are loaded very high, or have 
much weight, on the top, are more easily overturned tlian 
those the load of which is low, and the weight airanired 
heneatb, as is shown in Fig. 130. 

The stability of a body is greater according as its 
weight is greater, its center of gravity lower, and its basis 
wider. 

The principles here laid down apply to the case of the 
fiotadoQ of bodies. When an irregular-shaped solid mass 
U placed on the surface of a fluid, it arranges itself in a 
certain position to which it will always return if it be 
parposely overset. In many such solids another position 
fflaj be found, in which they will float in the liquid ; 
but the slightest touch overturns them. Bodies, there- 
fore, may exhibit either stable or unstable flotation. A 
hng cylinder floating on one end is an instance of the 
latter case, but if floating with its axis parallel to the sur- 
&ce of the liquid, of the former. 

These phenomena depend on the relative positions of 
the center of gravity of the floating solid, and that of the 
portion of liquid which it displaces. The former retains 
an invariable position as respects the solid mass, but the 
latter shifts in the liquid as the sohd changes its place. 

Equilibrium takes place when the center of gravity of 
the floating body and that of the portion of liquid dis- 
placed are in the same line of direction. If of the two 
the former is undermost, stable equilibrium ensues, but if 
it 18 above the center of gravity of the displaced liquid, 
unstable equilibrium takes place. To this, however, 
there is an exception — it arises when the body floats on its 
largest surface. 

There are two forces involved in the determination of 
the position of flotation : 1st, the gravity of the body 
downward; 2d, the upward pressure of the liquid. The 
former is to be referred to the center of gravity of iho 
body itself, and the latter takes effect on the center of 
gpravity of the displaced liquid. If these two centers are 

What is meant by stable and unstable flotation? On what do thcKe 
depend ? Under what circumstances does stable equilibrium take place ? 
Under what onstable? What forces are involved in these results? 
When does rotation ensae ? 
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ID tlie same vertical line, they counteract each other ; but 
in any other position a movement of rotation must eiisue. 
The sulid, therefore, turos over, and finally comes into 
■uch a positiun as satisfies the cooditions of equilibrium. 
Od tbese priacipies a cube will float on any one of its 
faces, and a sphere in any position whatever; but if the 
sphere be not of uniform density, one part of it being 
heavier than the rest, motion lakes place until the heaviest 
part id lowest. A long cylinder floating on its end \a 
unstable, but when it floats lengthwise, stable. It is 
obvious these principles are of great importance in sbip- 
building, and the loading and ballasting of ebips. 



LECTURE XXV. 

The Pbnbulum. — Simph and Physical Pendulum*. — 

Nature of OtcUlatorij Motion. — Center of OidUation. 

— Lawi of Pendiduim. — Cyelmdal Vibration). — The 

Seconds' Pendulum. — Mcasurei of Time, Space, and 

Gravity. — Compensation Pendulums. 

A SOLID body suspended upon a point with its center 
of gravity below, so that it can oscillate under the influ- 
ence of gravity, ia called a pendulum, 

A simple pendulum is imagined to consist of an im- 
ponderable line, having freedom of motion at one end, 
sitd at the other a point possessing weight. 

A physical pendulum consists of a heavy metallic ball 
suspended by a thread or slender wire. 

The position of rest of a pendulum is when its center 
of gravity ia perpendicularly beneath its point of suspen- 
sion, its length, therefore, is in the lino of direction. If 
it be removed from this position, it returns to it again 
after making several oscillations backward and forward, 
lis descending motions are due to the gravitating action 
of the earth, its ascending due to its own inertia. A 
pendulum once in motion would vibrate continually were 
It not for friction on its point of suspension, the rigidity 
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of the thread, if it be supported by one, and the resistance 
of atmospheric air. 

The length of a pen- 
dukun is the distance 
thit intervenes between 

ilB point of suspension 

iDQ its center of oscil- 
lation. Its oscillation is 

the extreme distance 

through which it passes 

from the right hand to 

the left, %r from the left 

to the right. In Fig. 

131, a is the point of 

BQBpeDsion, b the center 

of oscillation ; a b the 

leogtb of the pendulum ; 

^hd or d b c the oscil- 

^on: the angle a or 




^ is the angle of elongation ; and the time is the period 
'pat elapses in making one complete oscillation. Oscilla- 
Uom are said to be isochronous when they are performed 
'1 equal times. 

Let a b c^ Fig. 132, be a pendulous body, supported on 
**« point a, and performing its oscillations ^ir- 132. 
**Pou that point. If we consider the motions 
^ two points, such as b and c, it will appear 
j^at under the influence of gravity the point 
» which is nearer to the point of suspension, 
^ould perform its oscillations more quickly 
^<)an the point c. But inasmuch as in the pen- 
^ulous body both are supposed to be inflex- 
ibly connected together, by reason of the so- 
lidity of the mass, both are compelled to per- 
form their oscillations in the same time. The 
(>oint b will, therefore, tend to accelerate the motions of 
c, and c will tend to retard the motions of b. It follows, 
therefore, that in every pendulum there is a point the 
Velocity of which, multiplied by the mass of the pendu- 
lum, is equal to the quantity of motion in the pendulum. 

What is the length of a pendnlnm, the point of niapenaion, the oscilla- 
tioD, the angle of elongation, and the time ? 
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To this point tbe name of center of oscillation ia given: 
In a linear peniiitlum — that is, a rod of inappredablo 
thicknties — tlie center of oacillatioii is two thirds [he lenglb 
from the point of Buspension. In a right-angled conicd 
maan the center of oscillKtion ia at the center of the base, 

The center of oscillation posHesseB tiie remarkaUe 
property that it is convertible with the centre of suspeo 
sion — that is to say, if a penilulum vibrates in a gi»eB 
timo, when auppoited on ils ordinary centre of suspen- 
sion, it will vibrate in the same timo exactly if it be «a- 
pended on its center of oscillation. Advantage has been 
taken of this property to determine the lengths 9f peiidn- 
luEQs, witli great precision, and thereby the intMflily of 
gravity and the figure of the earth. In these cases a sim- 
ple bar of metal, of proper length, with knife-edgea equi- 
distant from its ends, has been used and adjustment mads 
until the bar vibrated equally when supported on either 
knife edge. The distance between the knife-edges ia die 
lenph of the pendulum. 

Pendulums of equal lengths vibrate in the satneplqco 
in eijual times, provided their angles of elongation do nit 
exceed two or three degrees. 

Pendulums of unequal lengths vibrate in unequal timoB 
— the shorter more quickly than the longer — the times be- 
ing to one another as the square roots of the lengtlia at 
the pendtiluma, ' 

F-g- 1^- If we take a circle, B, Ftg^, 

"" — fiI33, and, causing it to rw 

along a plane, B J), mark out 
the path which is doecribed 
by a point, P, in its circQiD' 
ference, the line so marked is designated a cycloid, ' 

When a pendulum vibratos in a cycloid, it will describti' 
all arcs thereof in equal times; and the time of each os- 
cillation ia to the lime in which a heavy body would ftO 
through half the length of the pendulum as the circunH 



1, between oscillation in ■ 

the tioluro of the cenlPr of oncillatinn. What is it> poriQai 
pendulum and in a righi-angind conical macs f What propeitT 
?nler of oscillalion posseaj ? What are Ihe laws of the mo- 
iduluma 1 What ia a cycloid t Wlial properly does 8 peodu- 
ing in a cycloid posseES 7 
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doidal and circular arcs is, that in the former all oscilla- 
tions are isochronous, but in the latter they are not ; for 
die larger the circular arc the longer the time of oscilla- 
.&0D. And as circular movement is the only one which 
can be conveniently resorted to in practice, it is necessa- 
ry to reduco circular to cycloidal oscillations by calcula- 
tion. 

When the length of the pendulum is such that its time 
of oscillation is equal to one second, it is called a seconds' 
pendulum. This length differs at different places. Un- 
der the equator it is shorter than at the poles ; and this 
evidently arises from the circumstance that the intensity 
of gravity, as has been already explained, is different at 
those points; for the figure of the earth not being a per- 
fect sphere but an oblate spheroid, its polar axis being 
shorter than its equatorial, a body at the poles is more 
powerfully attracted than one at the equator, it being 
nearer the center of the earth ; and as the motion of the 
pendulum arises from gravity, in order to make it oscil- 
late in equal times, it is necessary to have it shorter at the 
equator than at the pole. The length of the seconds' pen- 
dulum in London is 39.13929 inches, at a temperature of 
BO"" Fahrenheit. 

For many of the puiposes of physical science the pen- 
dulum is an important instrument. It affords us the best 
measure of time, and is, therefore, used in all stationary 
timepieces or clocks. A clock is a mechanical apparatus 
for the purpose of registering the numbers of oscillations 
which a pendulum makes, and at the same time of com- 
municating to the pendulum the amount of motion it is 
continually losing by friction on its points of Support and 
by resistance of the air. The oscillations are performed 
in ^mall circular arcs, so that the times are equal. 

Whatever affects the length of the pendulum changes 
the time of its motion. It is for this reason that clocks 
go slower in summer and faster in winter — the changes 
of temperature altering the length of the pendulum. To 
compensate this, various contrivances have been resorted 
to with a view of securing the invariability of the instru- 

What diffiBience is there between oscillation in cycloidal and circular 
■res f What is a seconds' pendulum ? Is there difference in its length at 
difierent places ? From what does this arise ? What is the pendulum- 
clock T Whf do Tariations of temperature change the rate of a clock ? 
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ment. The nature of theae is very well illuBlrated by tbi 

mercurial pendulum. 

Let A B be the pendulum-rod : at B it ii 
formed into a kind of rectangle, F C D E^ 
within which ia placed a glass jar, G- H, 
taining mercury, and serving aa the bul 
the pendulam. When the weather becoiBM 
warm, the ateel-rod and rectangle elongate, 
and therefore depress the center of oscilla- 
tion. But simultaneously the mercury 
pands, and this motion takes pli 
rily in the upward direction. If tbe quan- '■ 
tity of mercury is properly adjuflted tbe cen- « 
r of oscillation is carried as far upward by ( 



m 



the 
that 



mercurial expansion aa downward of't 
of the steel. Its actual position rera&in^ ■ 



therefore, the 
pel 



'the length of tbi 1 
idulum is the distance between the ptHilt 1 
E of suspension and center of oscillation, riiat 1 
length remaitia unchanged. The gridirm . 
■j^B pendulum acta on similar principles. 
BH The pendulum is also used to detertniBa 

IIH the force of gravity. The naiureof this ap- 
im plication has already been pointed out iK , 

DIB what has been said respecting oscillafions 
Hill at the equator and the poles. The force of ' 
llH gravity at any pkce, or the beigbc throiH^ 

^MJ which a body will fall in one second is dW 
• ^ termined by multiplying the lengths »f • i 

seconds' pendulum for that place by the number 4.9348;- ■ 
The length of the seconds' pendulum being always in* i 
variable at the same place — for gravity is always invari*- I 
ble — may be used aa a standard of measure. Thus, th* 1 
English inch is of such a length that 39.13939 inches an * 
equal to the length of a pendulum vibrating seconds. 
From these measures nf length, measures M capacity 
might be derived by taking their cubes, and measures (ff 
surface by taking their squares. 



rpsnttcd lo to avoid lhi» difficullr ' D*- 
On ivhal principle is Ihc pandulum Med 
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LECTURE XXVI. 

Or Fkrcussion. — Of Impact^ Central, Excentric, Direct^ 
'Ohliqi§e.~^Inelastic and Elatiic Bodies. — haws of Col- 
Usion of Inelastic Bodies. — Changes of Figure of Elastic 
Bodies, — Phenomena of their Collision, — Of Reflected 
MM^ns, 

Imtact or percussion may take place in several differ- 
ent ways — as central, excentric, direct, oblique. 

Central impact takes place when the bodies in collision 
havQ their centers of gravity moving in the same right 

Excentric impact is when the directions of the motion 
of t)ie ccaiters of gravity of the bodies in collision make an 
anrie with one another. 

Direct impact is when the direction of the moving 
body is perpendicular to the surface on which it impinges. 

CN>liqae impact is when the direction of the moving 
body inakes some angle other than a right one with the 
•omce- on which it impinges. 

The phenomena of percussion depend greatly on the 
physical character of the impinging bodies. The bodies 
may either be inelastic or elastic. Masses of clay or putty 
are illustratious of the former case, balls of ivory or steel 
of the latter. 

It has already been shown, Lecture XVII, that if two 
inelastac bodies move in the same direction their joint mo- 
mentum, after impact, is equal to the sum of their sepa- 
rate momenta ; and that, if they move in opposite direc- 
tion8» it is equal to the difference. Their velocity, after 
impact, is found by dividing their common momentum by 
the sum of their masses. 

When a hard body impinges on an immovable mass, 
the particles of which can, however, recede, so as to ad- 

What it central impact T What are excentric, direct, and oblique ? On 
what pbyaical character do the phenomena of percassion, to a great ez- 
tant depend ? Give examplea of inelaatic and elastic solids. What are 
the laws of motion of inelastic bodies T 

F 



it the impinging body, ibe depths to which it willA 
ite are as the squaies of its velocity multiplied i 



When elastic bodio 



ter, a change of figure. Thag,' 
if we take the inBtruraent, i^' 
135, and, haviog painted oue « 
ita ivory balls, a, let the sther , 
ball, i, touch it gently, the latter 
win receive on its eui-face a sin- 
gle point of paint. Bui if M* 
raise this ball, and let itfsllftoai 
a considerahle dtstance uppHlliB 
other, it will receive a circular mark of paint, BOoWiiK 
that, during the percussion, the balb lost thuir BpheiiftHt 
figure, and, instead of touching by a single point, A^' 
touched by a surlaee of considerable extent. Thwrin-' 
Btantaneous recovery of the spherical form, like tbp fe- 
cility with which that form was lost, is due to ihs" 
ticily. 

Whatever tends to impair the elaaticity of eueh baUl 
tends, therefore, to change the phenomena of impliet 
Thus, if we laake a cavity in one of them, and fill itfiB^ 
tially with lead, the balls, aiter pei'cuasion, will not ifr 
cede from one another as. far as before. . 

The manner in which elasticity acts in these cases mBT i 
be understood by consideiing the action of a spiral sprii^) 
between the two balls, the length of it coinciding; wilfc 
the direction of their motion. When the balla fall upM 
its extremities, ihey give rise to compi-ession, and ibe 
spring continually vesista them at each successive inaiast 
Their force, which was greatest at the moment of impact, 
is gradually overcome by the resistance of the Spring;, 
and finally vanishes. As soon as their velocity ceaaeC, 
the spiing can undergo no further compression, and i» 
now able to begin to restore itself with a continually ii^ 
creasing force. Finally, it communicates lo the balli 
the same velocity with which they originally im[ni)geA 
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Wben, therefore, a pair of elastic spherical balls are 

mide to impinge on each other, there f^- im. 

is a compression of their particles in 

the direction in which the motion is 

■taking place, so that the diameters, ^j 
• &, a c. Fig. 136, are less than be- 
hn, A spheroidal form is, there- 
fere^ the necessary result. But just 
u wA the imaginary spring in the foregoing ca<e n^j with 
the compressed particles in this. As soon as th«; r/iotion 
of the bodies becomes 0, the elastic fr/rce of the cr/mpr'.--^ 
cd particles gives rise to movement in the opposite di- 

l!BGtiOD« 

When two perfectly elastic bodies come in co'llhi'^L. t'r.e 
fene of elasticity is equal to the force of corr<[Jr«,'*^'?i'J^. ^.u'i 
llie£>roe of compression is equal to the force of tht f.^'icr.. 
When two elastic bodies have struck eac'u ff:ut:' . tij*:i' 
iQPesaioa will be with the same rtlatUt vei'jciix wi*.t. 
wkieh they fell upon each other. 

Wben two equal elastic bodies move lov^aic euc:. 
odier with equal velocities, after percusaioi. Iuk-^ icceot 
from each other with the same veifxriiy. 
When of two equal elastic bodies '•«' i^ 

Goe 18 in motioii and the other at ^^K^KffiSr 

Kstp the farmer, after collision, 
will oommunicule to the otLer 
aU its veiocitT. and remair at 
BBSt itBei£ Tbis pbenomeDOf.. 
and indeed much tbat i? here 

aaid in relotiub to toe impac. & /. ^ 

bodioB, k weU kiowd bv m. ap ^^-^"il|fei>i*^^ 
psratuB Buifti K Fie.'\y* n ^kinrr-^- 

which let tin- ball, c, be &: it« ai^' *• ^ .• 
any height, «fter coliisKr c muc l.i . . .< . 
&, and h itaeH remaiu- «' i*^*' 

When of tw( equt itijUMV u«wi%.^- .w. 

timiy one ovenaMt ii** oiwr .^^ ■ .. .... „, . ^ 

and go OD es ueiui^ 

IVhen two equs^ u^k*j< :..^ .. m- „. . ■ ' 

ties, encottDter-<9acii oUmt- . lm* — «. ,.^*...g ■ '■' ""' 

one another ii comrui • u...-* .. . 

.What are tM iw^b o^ \tmi^s... -. ^.^ ., .- , ^«- ' -* 



Ommi be piii««d fmimfimwut** 
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ELASTIC BODIES. 



n ihe instrument Fig. 137, instead of bi 
ivory balls, we had s. large number suspended. 



laving onlir J 



to touch one anotber, it would be found, on letting tha j 
ball at one extremity impinge on the others, that all the 1 
intermediate ones would remain motionless, and the one ' 
at the farther extremity would rebound. The motion, 
therefore, is transmitted through the entire series of balls j 
and it is the mutual reaction of the intermediate ones whicll 
keeps them at rest, the distant one rebounding becausa 
there is nothing against which it can react. 

j^. 13a. When an elastic ball strikes upon 

an immovable elastic plane it will 
recoil with the same velocity with 
which it advanced. When tha 
impactis perpendicular, the path of 



advt 



s the SI 



s that of 



Thus, if a b. Fig. 138, 



be the path of the advance, per- 
pendicular to c d, tbe elastic plane, ' 
the recoil or retrocession will be < 
, in the same path, but in the op- ] 
posite direction, b a. 
When the path of the striking body is not perpendico- 1 
lar, but at some other angle to the elastic plane the recoil 
Fig. 130. will be under the same angle, but on the op- ' 
/a poaite side of the perpendicular. Thus, if 
■ a c. Fig. 139, be the path of the striking \ 
body, c, the elastic plane, the path aiter coo- i 
tact will be c, d, such that the points a c d, \ 
B plane, and the angle aciU i 
' equal to tbe angle bed. To the former of ( 



these the 



i of incidei 



" angl. 
ter "angle of reflexion." 

The angle of incidence is the a 
the path of the impinging body an 
drawn to the surface of impact a 
And the angle of reflexion is tbe a 
the path of the retroceding body 

The principles given in this Lecture are applied ii 



e" is given, to the lat- ' 

igle included between 
1 a -perpendicular, Ac, 
; the point of impact 
Igle included between 
ind the same perpen- 



Wh«t are Ihe lawi o( motioi 
ble elastic plane ? Whit is n 
the angle oT lefleijoa T 



on elastic boll striking upon an iPniooTo. 
nt by the angle, of inculencef What ii 
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many cases of practice. Thus, in the piTe engine, which. 
Gonaists of a beavy block, raised alowly by machinery be- 
tween two uprights, and then allowed to fall ^mddenly on 
die head of uie pile to be driven into the ground. If the 
Uock thus used as a hammer is too small, it fails to move 
the pile ; and if its velocity is too g^eat it splits the head 
of the pile. A laziB^e mass, falling from a small height, is 
dierefore used. Thus it may be readily shown, that if 
the hammer weighs 1000 pounds, and it falls through a 
height of only four feet, the f(jrce with which it strikes 
diepile is equal to 120,000 pounds. 

when gold is beaten into thin leaves the workmen can- 
not employ light hammers and use them quickly, for they 
would divide or fissure the gold : they use, therefrjre, 
heavier hammers, and move them more slowly. 



Gin aome iiloatntioiH of the phenomeaa of i 



THE ELEMENTS OF MACHINERY. 



LECTURE XXVII. 

The MecHiKicAL Powehh. — Definition of Machine. — 
Number of Mechanical Powers, — Power. — WeiglU, — 
Principle of Virtual Velocities. 

The Lever — Definition of. — Three Kinds of JJevef. — 



Ctmditioms of Equilibria 
ance. — Weighing Machin 



-VsesofLez 



-T/ieBal- 



it certain contrivances employed 
for the purpose of changing the direction of moving pow- 
ers, or of enabling them to produce any required velocity, 
or to overcome any required force. 

It is lo be undei-stood that the force of any moving 
power can never be increased by the agency of any ma- 
chine the duty of vvhich is to transmit tbe effect of tfaat 
power unimpaired to tbe working point, Machineir 
cannot create power — it transmits it. Theoretically, ihia 
transmission is supposed to take place without loss, but 
practically there is always a certain degree of diminution 
arising both from imperfections of construction and tbe 
agency of such impedimeuts to motion as friction, rigidi- 
ty, &c., the consideration of which we shall resume in iu 
proper place. 

In what follows, it will, therefore, be understood that 
we speak of the action of machines theoretically, and 
apart from the intervention of these disturbing causes. 

All maehines, no matter how complex soever their con- 
Btruclion may be, can be reduced to one or more of aix 

Whatjs meanl by a 



PRINCIPLE OF VIXTCAI. TII^ZCZZ:Z&. llT 

linipler elements, which pass aader Ure r.EiDe •>::" iLe *- =ij«« 
chanical powers." They are, 

TbeL«T*T. 

Screw. 

These mechanical powers, or «iiap:c Tr.hczi.zi^i, ^tv. 
indeed, be further reduced to three : 

Tbe Lerer. 

Pai.rT. 

In any machine the force or original priDe-mover T'S^s^e 
under the name of the power. 

The resistance to be overcome, or that upon which tbe 
power is brought to bear througrh the interveDtion of the 
machine, goes under the name of the weight. 
. The general law which determines tbe equilibrium of 
all machines, whether simple or compound, is as follows : 
** The power multiplied hy the spare through tchich it mores 
in a vertical direction is equal to the weight multiplied by 
ike space through which it moves in a vertical direction J* 
The principle involved in this law passes under the name 
of " die principle of annual velocities." 

The foregoing principle expounding the conditions un- 
der which the power and weight are in equilibrium, and 
tbe machine, therefore, in a state of rest, it follows, there- 
fore, that ^^ if the product arising from, tJie power multi^ 
pUed &jf the space through fthich it mores in a vertical di* 
reetion^be grisater than the product arising from the weight 
mtdiipided by the space Hvrough which it moves in a verti- 
cal eUrection, the power will overcome the resistance of the 
toeighif and motion of the machine will ensue" 

THE lever. 

The lever is the first of the elementary machines. In 
theory, it is an inflexible and imponderable line supported 
on one point on which it can turn. In practice, it con- 

To what may these be further reduced ? What is the power? What 
is the vreigUf Describe the general law of equilibrium of all machines. 
What name is given to the principle contained m this law ? Under what 
conditioD doee motion ensue ? what is a lever T 
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sists of a flolid unyielding rod working upoa a | 
called a fulcrum. 

IB of lever are commonly enumerated. In- j 

the first, the fulcrum, F, is between the 

Er, P, and the weight, W, as in Fig. 

In the second, the weight is bi^ 

in the power and the fulcrum. Fig. 

In the third, the power is between j 

weight and the fulcrum. Fig. 142. 

__ There are also other species of lever, 

s-f. such as the bent lever, ihe ciirTilinear 

°\ r lever. The mode of action and theory 

•^ of all are the same. 

By the principle of virtual velocities, it appears thM 
"anyleveritinequilibrio when the pow^ and tAe teeigAi are 
to each other invtTifly as ikeir distances Jrom tJieJiilcrutn." 
As illustrative instances of this — if in a lever of (fae 
first kind, in eguilihrio, the power and the weight are oqual, 
they must be at equal distances from the fulcrum. If the 
power is only half the weight, it most be at double the 
distance irom the fulcrum, if one third tlie weight, triple 
the distance, &c. 

When, therefore, it is proposed by the intervention of 
a lover to cause a given power to overcome a given 
weight, it is necessary tliat the power multiplied by its 
distance fiom the fulcrum should give a greater produce 
than the weight multiplied by its distance from the ful- ' 
j^.J«. crum. Thus, in Fig. 141, let 

P he a power of six pouiida, 
operating on a lever of the 
first kind, at a distance, p c, 
from the fulcinini, e, of seven 
inches ; let W be the weight 
to be overcome, and let y be 
seven pounds, with a distance, 
W c, of six inches from the 
Now the power multiplied into its distance 
) forty-two, and the weight multiplied into its 
s also equal to forty-two ; the lever is, therefore, 
9 law juflt Slated in equiiibrio. But if we la- 
e distance of P from c, or increase P itself, or do 
I the liw of equilibrium of. 



-^^ 



fulcrum. 



THE LEVEB. 1?9 

lolfa, tbeB the product of P into its Jislatice from the 
Umiai will increase, the lever will move, and the resisc* 

Leren are naed in praclice for many different purposea. 
Bj their »geocj a email power may bold in equilibrin, or 
miwvBgreat weight; thus, the power of one man applied 
It the end of a crowbar will overturn a. heavy mass, the 
mtB acting at a distance of several feet, and the maw at 
tmlj a few inches from the fulcrum. Of levers of the 
fint kind, crowbars and scissors are familiar examples. 

;. Of those of the second kind, oara and nutcrackers ; of 
diote of the third, tongs and shcepshears. 

For many of the purposes of science levers are used to 
nagni^ unaJl -motions. The power causing the motioB 

' ii ippbed by a short arm near to the fulcrum of the lever. 




llMtioD ■DnM of the BoplicMiooi of Ihs lOTCT. One familier iniUncM 
•r «uh of Ibe thna Undi of IsTcr, 



and the other arm, which may lie ten, twenty, or morV 
timea longer, moves over a graJuated ecale. The pj) 
rometer ia an example of [his application. 

The most accurate means for determining the weigtit 
of bodfea is by the lever. When arranged for this pw- 
pose, it passes under the name of " The Balance." It w 
a lever of the first kind with eijual arms. Various fbni4. 
are given to it, and various contrivances annexed for th^ 
purpose of insuring its lightness, its inflexibility, and IIk^ 
obsolutc equality of the lengtba of its arms. Fig, 141, 
repreaentB one of the best kinds: a a is the beam; C i^ 
the fulcrum, or center of motion; d d are the scale-pans 
in which the weights and objects to be weighed are 
applied ; their points of suspension are at a a. With & 
Tievr of reducing frictioa, the axis of motion, c, and both \ 
the points of suspension are knife-edges of hard stee! 
working on planes of agate; and, to preserve then unin- 
jured, the beam and tlie scale-pans are supported upon 
props, except at the time a substance is to be weighed. 
Then, by moving the handle, _/^ the axis of motion u de- 
posited slowly on its agate plane, and the scale-pans on 
tlieir points of suspension, and.tbe beam thrown Into action. 

In balances it is essential that the center of gravin 
should have a particular position. The cause of this 
will be appreciated frona wliat has been said in Lecturv 
XXIV, Thus, if the center of gravity coincided with 
the center of motion, the balance beam would not vilNVte, 
but would stand in a position of indifferent equilibrium, ' 
whatever angular position might be given to its arms. 

If the centre of gravity was above the axis of inotion, 
the balance would be in a condition of unstable eqailib-- 
rium, and would overset by the slightest increase of 
weight on either side, the center of gravity coming down 
to the lowest point. But when it ia beneath the axis of 
motion, the balance vibrates like a pendulum, and neither 
BBlH nor oveiBets. It is essential, therefore, that in all 
these instruments the center of gravity should be below 
the ceuter of motion. And it might bo shown that the 
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•niBiljility of tlie balance, or, in other words, tlie small- 

aeu of the weigbt it will detect, becomea greater aa 

t}u9e two centers approach each other. 

The different kinds of weighing- machines are either 

modified levers or combinations of levers. Examples oc- 

GDT in the macbine for weighing Fig. us. 

loaded carts, in the steelyard, 

viiich ia a lever of unequal arms, 

ud in the bent lever balance. 

The latter is represented in Fig. 

Its. It consists of a bent lever, 

ABC, the end of which, C, is 

loaded with a fixed weight. This 

lever works on a fulcrum, B, 

(appoTtedonapillar, H J. From 

the arm. A, is suspended a scale- 
pan, E, and to the pillar there is 
affixed a divided scale, F G, over 
which the lever moves. Through 
Bdraw the horizontal tine, (r K, and let fall from it the 
perpendiculars, A K, D C. Then, if B K and B D are 
inversely propoitioDa] to the weight in the scale, E, and 
the fixed weight, C, the balance will be in equilibtio ; 
but if they are not, then the lever moves, C going farther 
from the fulcrum, and stopping when equilibrium is at- 
tained. The scale, F G-, is graiduated by previously put- 
ting known weights in E. 



LECTURE XXVIII, 

Thb Pulley, — Deaeription of the PvUty. — Lawt of the 
Lever appl^ to it. — Use of the Fixed Pulley. — TAe 
Moeable PidUy. — Runneri. — Syitemt of PuUeyt. — 
W%iU'i Pulley. 

Thb Whml and Axle. — Laic rf Equilibrium. — Adr:an- 
taget over the Lever. — Windlaa*, — Capstan, — Wheel' 
wvt, — JDiferenl kinds of Toothed- WlieeU. 
The pulley is a wheel, round the rim of which a groove 

is cut, in which a cord can work, and the center of which 



r 



133 



! nSED PL'LLCT. 



nioTea on pivots in a block. The wheel soinctirocn j 
tmder the na.me of a sheave. 

By A fixed pulley we mean one which merely n 

does not change ita place. The po*W 



is applied to oi 

ftf. 148. 



1 of Ihe cord and the 



eight t 




The action of the pulley may be 
readily understood from that of the 
lever. Let c, Fig. 146. be the axis 
of the pulley, h the point to which 
the weight is attached, a the point 
of application of the power ; draw 
the lines, c b, c a — they represent 
the arms of a lever — and the law of 
the equilibrium of a lever, therefore, 
applies in this case also ; and, as 
these arms are necessarily equal to' 
cquilibrio when the 



is applied, instead 
g still holds good. 
abvious that h c a 
The condition of 



each other, the pulley ^ 
weight and power are equal. 

If the direction in which the pow 
of being P a, is F a, the same reasc 
Por, on drawing C a, as before, ic i 
represents a bent lever of equal arm: 
equilibrium is, therefore, the same. 

The fixed pulley does not increaae the power, but it 
renders it more available, by perraiciing us to apply it in 
any desired direction. 

To prove the properties of the pulley experimentally, 
hang to the ends of its cord equal weights ; they will re- 
main in equilibrio. Or, if the power be increased, so as 
to make the weight ascend, the vertical distances passed 

The movable jrnlUi/ is represented at Fig. 147, Its 
peculiarity is that, besides the motion on its own axis, it 
also has a progressive one. Let b be the axis of the ptil- 
ley, and to it the weight vj is attached, the power is ap- 
plied at a. Draw the diameter a c, then c is the fulcrum 
of a c, which is in reality a lever of the third order in 
which the distance, a c, of the power is twice that, b c, of 
the weight. Consequently "the movable pulley doubles 



What 



Desci 



Biher 
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tke effect of the power," and the iis- 
tmce traversed by the power is twice 
diit traTersed by the weight. 

A movable puliey ia aometimes 
called " a runner ;" and, aa it would 
be ofleti inconvenient to apply the 
power in the upward direction, as at 
a P, there is commonly asaociated 
irith die runner a fixed pulley, which, 
wkbout changii^ the value of the 
power, enables us to vary the diree- 
doD of ita action. 

Syitemi of pulleys are arrange- 
meata of abeaves, movable and fix- 



When one fixed pulley acts on a number of movable 
Hiea, eqnilibiinm ia maintained, when the power and 
fV- 1«. Fit- !«■ rif. ua. 





'What an (jMmw of paUsT*! 
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weight are to eadi other aa 1 to that power of S whicb I 
equals the number of the movable pulleys, Thua, if i 
there be, as in Fig. 148, three movable pulleys, iho. i 
power is to the weight 

as 1 : 2= that U 1 : 8; 
conaequently, on such a Bjstem, a given power will sup-; 
port an eightfold weight. 

When eevoral movable and fixed pulleys are employeJ, 
as in Fig. 149, oquilibrinm is obtained when the power 
equals the weight divided by twice the number of mov- 
abla pulleys. J 

In Bucli aystema of pulleya there is a. great loss of power, I 
arising from the friction of iho sheaves against the sides I 
of Che blocks, and on their axles. In White's pulley this, | 
is, to a cnnsideraMe extent, avoided. This contrivance 
is represented in Fig. 150. It consists of several sheaves 
of unequal diamclei's, all turned on one common mass, 
and working on one common axis. The diameters of these, . 
in the upper blocks, are as the numbers 3, 4, 6, &c., and in 
the lower 1,3,5, &:c. ; cansequocitly, they all revolve in 
equal times, and the rope passeawilhoutsliding or scraping 
upoii the grooves. ■ 

TUE WHEEL ANB AXLE. I 

ind axle consists of a cylinder, A. Fig. 151, I 
revolving upon an axis, and I 
having a wheel, R, of larger 
diameter, immovably affixed 
to it. The power is appUed . 
to the circumference of iba J 
wheel, the weight to that of J 
the axle. ' 

The law of equilibrium is, 
that " the power mutt be to 
the weight at tlie radtu* gf 
the axle is to that of tke 
wheel." 
I, evidently, nfilhiiig but a modificB- 
n of the lever ; it may be regarded as a continuously 




oids. Whatu ' 
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actmg lever. lo its mode of acdoD. the corsmon lerer 
operates Id an ixiterniitting war, and, as it were, bv «z:aZl 
steps at a time. A mass, which is forced up bv a lerer a 
short distance, must be temporarily pr-ipped. ar.i: rhe 
lever readjusted before it can be brought into action 
again ; but the wheel and axle continues its operation 
constantly in the same direction. 

That this is its mode of ac- 
tion may be understood from 
Gonsidenng Fig. 152, in which 
let e be the common center of 
the axle c b, and of the wheel 
c a, a the point of application 
of the power P, and ^ that 
the weight W. Draw the line ^ " ' 
ach ; it evidently represents a ^ ! 
lever of the first order of which ^ 
the fulcrum is c, and from the ^ 
principles of the lever it is easy to demonstrate tt.% ]iw 
of equilibrium of this machine, as just given. Fur.Ler. it 
is immaterial in what direction the power be tj p!:€:i. s.= 
P' at the point a* for a' ch still forn:s a be:.t -evtr, u-i 
the same principle still holds good. 

Sometimes the wheel is 
replaced by a -scinch, as in 
Fig. 153, it is then called a 
windlass, if the motion is 
vertical ; but if it be hori- 
zontal, as in F*!r. 154, the 
machine is called a capstan. 

Wheels and axles are often made- to 
act upon one another by the aid of cogs, as in clockwo?k 
and mill machinery. In these cases the cogs on the pe- 
riphery of the wheel take the name ofteei/i, those orj tLe 
axle the name of leaves, and the axle itself is called a 
pinion. 

The law of equilibrium of such machines m^y V^e €r^iiy 
demonstrated to be, that the poicer multiplied by the pro- 
duct of the number qft^eth, in all the tcheels, is equal to the 
vmght multiplied by the product of the numler of Uaves 
in all the pinions. 

Describe its mode of acticm. What is a windisss an^i a cz'^timt. ? VS h»t ar« 
teeth, leaves, snd pioions ? What is the law of equilibnom of wheeiwon^? 
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A system of wheel and pinion work is represented at 
^. 155^ Fig. 155. It is scarcely necessary 

to observe, that in it, as in all other 
cases, the law of virtual velocities 
holds good — the power multiplied 
by the velocity of the power is 
equal to the weight multiplied by 
^ the velocity of the weight. 

In the construction of such ma- 
chinery attention has to be paid to 
the form of the teeth, so that they 
may not scrape or jolt upon one another. Several of them 
should be in contact at once, to diminish the risk of frac- 
ture and the wear. 

If the teeth of a wheel be in the direction of radii 
from its center it is called a spur-wheel. 

If the teeth are parallel to the axis of the wheel it is 
called a crown-wheel. 

If the teeth are oblique to the axia of the wheel it is 
called a beveled-wheel. 

By combining these different forma of wheel suitably 
together, the resulting motion can be transferred to any 
required plane. Thus, by a pair of beveled-wheels mo- 
tion round a vertical axis may be transferred to a hori- 
zontal one, or, indeed, one in any other direction. 

When a pinion is made to work on a toothed-bar, it 
constitutes a rack. This contrivance is under the same 
law as the wheel and axle.' 

What precautions have to be vmed as respects the foim of teeth f What 
is a spur, a crown, and a beveled-wheel ? How may motion be tran^ 
ferred to different planes ? What is a rack ? 
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LECTURE XXIX. 

The Inclined Plane. — Description of the Inclined Plane. 
— Modes of Applying Hie Power. — Conditions of Equi' 
lihrium when the Power is Parallel to the Plane or Par- 
tdld to the Base. — Position of Greatest Advantage. 

Thi Wedge. — Jhseription and Mode qfnsing it. 

The ScEfiw. — Formation of the Screw. 

Bt the inclined plane we mean an unyielding plane 
sorfiice inclined obliquely to the resist- f'ig. i56 

Mce to be overcome. /^o^\ 

In Fig, 156, A C represents the inclined f 3v^* 
plane; the angle at A is the elevation of I ^hr 1 c 
tbe plane ; the line A C is the length, C 
B tt the height, A B the base. 

Jn the inclined plane the power may ^ 
be applied in the rollowing directions : 

1. Parallel to the plane ; 

2. Parallel to its base ; 

3. Parallel to neither of these lines. 




As in the former cases, so in this — the conditions of 
the equilibrium may be deduced from those of the lever. 

Let us take the first instance, when the power is ap- 
plied parallel to the inclined plane. Let Q,, Fig. 156, be 
a body placed upon the plane, A C, the height of which 
is B C, and the base A B. The weight of this body acts 
in the vertical direction, a W; the body rests on the point, 
e, as on a fulcrum ; and the power, P, under the supposi- 
tion, acts on Q, in the direction a P. From the fulcrum, 
c, draw tbe perpendicular, c b, to the line of direction of 
the weight, a W ; draw also c a. Then does h ca repre- 
sent a bent lever, the power being applied to the point 
a, and the weight at the point, h ; and, therefore, the 
power is to the weight as d c is to a c; but the triangles, a 

Deieribe the inclined plane. What is the angle of elevation, the length. 
tbe height, and the base ? In how many directions may the power be ap 
plied T 
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i c, A B C, are similar to each other. Therefore, we ar- 
rive at the following law : 

When tJie power acts in a direction parallel to the in- 
clined plune, it will be in equilibrio with the weight when. 
It is to tJie weigJU as the perpendicular of the plane istoit^ 
length. 

In a similar manner it may be shown that when th^ 
power acts parallel to the base it will be in equilibrio witA 
tJie weighty if it be to the weigJUas tJie perpendictdar of tk^^ 
plane is to its base. 

In different inclined planes the power increases as the 
height of the plane, compared with its length, diminishes, 
and the best direction of action is parallel to the inclined 
plane. This is veiy evident from the consideration that 
if the power be directed above the plane a portion of it 
is expended in lifting the weight off the plane, while the 
diminished residue draws it up. If it be directed down- 
ward a part is expended in pressing the weight upon the 
plane, and the diminished residue draws it up. There- 
fore, if the power acts parallel to the plane, it operates 
under the most advantageous conditioq. 

Fig. 157. The laws of the inclined 

plane may be illustrated by 
an instrument, such as is rep- 
resented in JFV^. 157, in which 
A c A! c is the plane, which 
may be set at any angle. It 
works upon an axis, A A'. 
Upon the plane a roller, e, 
moves. It has a string passing over a pulley, J, and ter- 
minating in a scale-pan, f^ in which wetghts/ may be 
placed. The directron of the string may be varied, so as 
to be parallel to the plane, or the base, or any other di- 
rection. 

The inclined plane is used for a variety of purposes — 
very frequently for facilitating the movements of heavy 
loads.. 

THE WEDGE. 

The wedge may be regarded as- two inclined planes 




What is the law of equilibriam when the power acts parallel to the 
plane ? What is it when the power acts parallel to the base I For 'what 
purposes is the inclined plane used ? Describe the wedge. 
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laid bftse to base — A C D beiDe ant.. eti£ ^4^ 
A B D being the otber. Tiie j*u^iaf:i L 2) z ±, 
and G D constitute the sac-es or ifaoat :c mt 
wedge ; B C is its back. £dc A D ii» i&ziru^ 

The mode of empIoTii:.g lut '^raHxf^ it ux 
< by the agency of presa^iirc- !•::: cc TK-TTut- 
flon. Its edge being ij^s-er^eid nii: l lutBUT't. 
the wedge is driven in 'vj ':«j:"Brt uii-.n la ^ 

Iwck. It is kept frDm r&oi'limr ': j liu*: itji- i 

tioo of its sides againsi :Le ^-zriw^i^ jius: v-iiici. i: 
bs been forced. 

This mode of appiicasioa cc :^ waore ir^t-vmit 
01 from comparing its tLec^T -ami: tija: uf izj<: nr 
efioed plane— a power tc- -BrLiM :: iiat b: niuct 
^. 151. externa! Fc»eiL.Lrlt,zic»: 

\ I creases as ibt jeiir^i. x' iit imcr. 




Fig.lf^ 
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comparec -ktiil ti;t: cc iit siaw. it uiniiif- 
isbe-d. A* iii&L^joet i^f iifc u:»;';i'ju:r.ii- vvt 
may ceLiivB tVc Bi«iin:iiir :»: iiiii:»p7. tij« 
raisiiiZ cf leJtTT wf rii'.t. fciucL at sin^it. 
Di£erez2i c^nii-c-JiiBiruirHru'-fe. at cuirsfji. 
&c^ act ill cjii2*evu*"iot :»: ui*:i.' y*:^;:^^ 
shaped fcnn. 

TH£ fc. xrv. 

If we take e piece I'f ;:iape? cut in:', t 
long, right- aiigitic tr.ti-'^it. -Fi'. lOO tiiC 
wind it abc^iit a cyiiii-jei -^"<^. 3Cj. bo 'bat 
the hei?bt C B cc tbt inaiipe it ptiTi'iel 
to the JJtU^ 11,*: LeL.?*J:. A C wl?'. irt'^t a 
screw-line on tLe burface. Tiie Bauje x-^ 
suits if we take a cviiiider atid wliid u;iol 
it a flexible cord, ao tbai ibe sri-aiidt cif' ti^e 
cord uuifurznly toucb one aiiifiiiei. 

In aov screw, iLe line wLicb is t'l.us 
j traced upon the cylinder gci€« under the 
\ name of^ the "worm," or "thread," aod 
A eftdi complete tazn that it makes is calied 



On what principle does it act ? Od wfasx do»iu yamtn depend ? Huw 
maj m screw-thrnd be lepreteDied ? 



THE ECBEW. 



" a Spire." The diatance from one thread to anollier, 
which, of course, most be perfectly uniform througbouC 
the screw, i« called the breadth of the worm. 



In 



the 



cavity in which it may -work ; this passes under the 
name of " a nut," Sometimes the nut is caused to 
move upon the screw, and sometimes the screw in. 
the nut. la cither case the movable part requires a. 
lever to be attached, to the end of which the power is 

The law of equilibrium of the screw is, that "the 
poicer it to the xeeight aM the breadth of the irorm is to the 
ciraimfercnce described by that point of the Uter to lekicA 
the power is attached. 

When the end of the screw is advancing through a 
nut, this law evidently becomes that the power is to tkt 
weight as t/ie circumference descrihed by fAe power it to lie 
space through which the end of iJie tercw advances. It is 
obvious, therefore, that the force of the screw increases 
as its threads are finer, and as the lever by which it is 
urged is longer. 

When the thread of a screw works in the teeth of a 
wheel, as shown in Fig. 162, it 

mportant use of this contrivance 

s in the engine for dividing grad- 

ted circles. The sci-ew is also 

used to produce slow raoEioDS, or to 

easure by the advance of its point, 

inute spaces. In the spfaerome- 

presented io Fig. 5, we have an example of its 

For all these purposes where slow motions have to be 
giTen, or minute spaces divided, the efficacy of the screw 
will increase with the closoness of its thread. But there 
is soon a practical limit attained ; for, if the thread be too 
fine it is liable to be torn off. To avoid this, and to attain 
those objects almost to an unlimited extent. Hunter's 
screw 18 often used. It may be understood from Fig. 
■ , working in a nut, C. 




What 



I the worm 



w? When ihe c 



lelHQ 






PASSIVE FOSCES. 

To a nwiTable piece, D, a second 
■crew, B, is affixed. This screw 
works in the interior of A, which 
iihoUow, and in which a corre- 

aiag thread is cut. While, 
ore, A is screwed dowu- 
wird, the threads of B pass up- 
«>rd, and the movable piece, D, 
adfances through a space which 
B equal to the difference of the 
orvadth of the two screws. In 
tloB way very slow or minute 
iDocions may be obtained with a 
screw, the threads of which are 
coane. 
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LECTURE XXX. 

0^ Passive or Resisting Forces. — Difference between 
the Theoretical and Actual Remits of Machinery, — Of 
Impediments to Motion. — Friction, — Sliding and Roll- 
ing Friction. — Coefficient rf Friction. — Action of Un- 
gMoUs. — Resistance of Media. — General Phenomena of 
Resistance. — Rigidity of Cordage. 

It has already been stated, in the foregoing Lectures, 
that the properties of machinery are described without 
taking into account aqy of those resisting agencies which 
so . greatly complicate their action. The results of the 
theory of a machine in this respect differ very widely from 
its practical operation. There are resisting forces or 
impeding agencies which have thus far been kept out of 
view. We have described levers as being inflexible, the 
coxds of pulleys as perfectly pliable, and machinery, gen- 
er^^lly, as experiencing no friction. In the case of one of 
the powers, it is true that this latter resisting force must 
necessarily be taken into account ; for it is upon it that 
the efficacy of the wedge chiefly depends. 

Describe Banter's screw. What is meant by passive or resisting forces f 
Why does the theoretical action of a machine differ from its practical 
operationf 
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So, too, in speaking of tbe motion of projectiles, it lias 
"been stated that the parabolic theory is wholly departed 
from, by reason of the resistance of the air; and that not 
only is the path of such bodies changed, but their ran^e 
becomes vastly less than what, upon that theory, it should 
be. Thus, a 24-pound shot, discharged at an elevation 
of 45^, with a velocity of 2000 feet per second, woukl 
range a horizontal distance of 125,000 feet were it not 
for the resistance of the air ; but through that resistance 
its range is limited to about 7300 feet. 

Of these impediments to motion or passive or resisting 
forces, three leading ones may be mentioned. They are, 
1st, friction; 2d, resistance of them^dia moved through; 
3d, rigidity of cordage. 

OF FRICTION. 

Friction arises from the adhesion of surfaces brought 
into contact, and is of different kinds — as sliding friction^ 
when one surface moves parallel to the other, roUirig' 
friction, when jbi round body turns upon the surface of 
another. ^ 

By the measure of fiiction, we mean that part of the 
weight of the moving body which must be expended in 
overcoming the friction. The fraction which expresses 
this is termed the coefficient of friction. Thus, the coef- 
ficient of sliding friction in the case of hard bodies, and 
when the weight is small, ranges from one seventh to one 
third. 

It has been proved by experiment that friction increases 
as the weight or pressure increases, and as the surfaces 
in contact are more' extensive, and as the roughness is 
greater. With surfaces of the same material it is nearly 
proportional to the pressure. The time w:hich the sur- 
faces have been in contact appears to have a considerable 
influence, though this differs much with surfaces of differ- 
ent kinds. As a general imle, similar substances give ris^ 
to greater friction than dissimilar ones. 

Oh the contrary, fnctiOn diminishes as the pressure is 

Oive an illustration of resisting force in the case of projectiles. How 
many of these impediments may be enumerated ? What varieties of fric- 
tion are there ? What is the coefficient of friction ? Afention some of the 
conditions which increase friction. 
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leas, as the polish of the moving surfaces is more perfect, 
and as the surfaces in contact are smaller. It may also 
be dinunished by anointing the surfaces with some suita- 
ble UDguent or greasy material. Among such substances 
•a are commonly used are the different fats, tar, and black 
lead. By such means, friction may be reduced to one 
.fimnh. 

Of tbe friction produced by sliding and rolling motions, 
the latter, under similar circumstances, is far the least. 
This partly arises from the fact that the surfaces in con- 
tact constitute a mere line, and partly because the a^eri- 
tiesarenot abraded or pushed aside before motion can 
nuae. The nature of this distinction may be clearly un- 
derstood by observing what takes place when two brushes 
with stiff bristles are moved over one another, and when 
a round brush is rolled over a flat one. In this instance, 
the rolling motion lifts the resisting surfaces from one 
Mother; in the former, they require to be forcibly pushed 
•part 

Though, in many instances, friction acts as a resisting 
>gepoy, and diminishes the power we apply to machines, 
in some cases its effects are of the utmost value. Thus, 
wben nails or screws are di-iven into bodies, with a view 
of holding them together, it is friction alone which main- 
twos them in their places. The case is precisely the 
nine as in the action of a wedge. 

RESISTANCE OF MEDIA. 

r 

A great many results in natural philosophy illustrate 
the resistance which media offer to the passage of bodies 
through them. The experiment knuwn under the name 
of the guinea and feather experiment establishes this for 
atmospheric air. In a very tall air-pump receiver there 
sre suspended a piece of coin and a feather in such a way 
that, by turning a button, at a, Fig, 1G4, the piece on 
which they rest drops, and permits them to fall to the 
pump-plate. Now, if the receiver be full of atmospheric 
air, on letting the objects fall, it will be found that, while 
the coin descends with rapidity, and reaches, in an instant, 

Mention some that diminish it. What is the difference of effect be- 
tween sliding and rolling friction? Give an illastration of this. Under 
whst cifcnmstances does advantage arise from fnction 7 
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the punip-pLaie, the leuher comes 
leiaurely, bein^ bunved up b; the nr, 
■be speed of its rootTon resisted. Bat If I 
sir it first extracted by the pump, and dtt 
objects allowed to fall in vacuo, both pre- 
ctpitaietbetDselres simulianeoosly witheqml 
velocity, and accomplish their fall ia e<)iul 

In the vibrations of a peodulani, the final 
stoppage is dae partly to frictiott and partly 
to (his cause. Aud in the case of motitiDi 
taking place io water, we should, of couiWi 
expect to find a greater resistance ariwig 
from the grealer density of that liquid. 

The resisting force of a medioin depends up- 
oi[ its density, upon the surface which the tno»- 
ing body presents, and on the velocity with which it mavet. 
Water, which is 800 times more dense than air, will 
offer a resistance 800 times greater to a given molion. 
OF the two mills represented in Fig. 36, that which goes 
with its edge first runs far longer than that which moves 
with its plane fiist. We are not, however, to understand 
that the effect of the medium, on a body moviD|T through 
it, increases directly as iho transverse section of the body; 
lor a great deal depends upon its figure. A wedge, going 
with its edge drsc. will pass through water inore easily 
than if impelled with its back first, though, in both in- 
stances, the area of the transverse section is of course tha 
same. It is stated that spherical balls encounter one 
fourth less Tesistance from the air than would cylinders 
of equal diameter ; and it is upon this principle that the 
bodies of fishes and birds are shaped, to enable tbem to 
move with as little resistance as may be through the me- 
dia they inhabit. 

The resistance of a medium increases with the velocity 
with which a body moves through it, being as the square 
of [he velocity, so long as the motiun is not too rapid ; but 
when a high velocity is reached, other causes come into 
aperatiou, and disturb the result. 

l)Ea.^ribB Iha fiiineo npii fenlher eiperiuienl. What don it prove? 
Whni IS Ihe came ol Ibeatcppage of s pendulum! Howdoei the aenAtr 
eiistiincel How u rMiBtance aSecled by Kguml 
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neat muij pemrhs dejiBxiL ol zzv 

turn; udobc sncb zdtt zk- meici .qfE^: 

&ih tinoae^ irBier. biic hr £;pr o: 

lu. It is ihe refiismnt:* o: iiit si^-r-:.:: 

diate defioend -wii iD«i*fTHi* -•-i^..T:r 

caom the rocke: il riK: F^^r irr^T-sr 
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In the acskm of puLtvl :l tzjxici: 
cnhge » iinroWd. uA -^^pdi- a: 
tbt oordaee ie bx. innve-duziez: ir 
niotioo. ASTheii t circ n^?- rrrjiJi 
ftpoDeT, in caortsqu^^ur:*: o: 121.7 *rr 
feet flezibilirr. i onraint l terr^frasr* 
00 the pnBej. as 21.1: j th: uTiCj^r- 
itood from P"t^- 1<>L. u. v*ii.',-: i^ 
CKD be tl>e ptl^-j virmi-'r '»3 «. 
piTOt at O: lei A an L 1 :»*: ir*:.rr:i= 
sospendeid br tbe r:iT»t i^ 1 Z 1 1 
From what hras beei Ktic rT:'?:*^'- 
iDg the tbeoTj ic tiit j'u'i**; :ia 
action of the Touvinu*: rcf" :**r •^i--; 

■ 

COD, with eaufcl htthl '. '_ I 
were peHecLT w^^rr-i-i in rjw.r:;;- !-=i v.- 
by the »ddi"iyi; iif t busuI t*^:^:: .■ : ! 
position at A . ti«t r:»:it yemr t i-^iry-f: 
C; at the saaoe tiiD*- 22 »s'j*fiiB:T;r r. r .- -^. - ?- ;/■.•■ 
B*, its cord brar t ttiipwr a* !• .' : .-: . > :*-ir •-#-. 
tions. A' and £ . vxi'jt. '.li* rjii^^z-'r.-^ ':■■■. . *• j - .-.^ 
posed to haTe v^'jnt^L. crtv -.11* :#»—:i-r-.'j /•:-:>• •.. 

B' F., then wiH O H. O F rv:j-*«^-Tr '.li- >—:»■ v' ' v*. -;-- '- 
on which tber ^rr, — t n:Ti:.:iiaii*rs if »r-^'''*- '/! r:> • 'j. 
the descendixig. tiji tL iij'rTSj'»»r^ i-/-*,-^:-- r. l^^ •.'>- ,■ 
the ascending we:r?i: it t^t T*BKi r. 

In practice tbe r^^iJt a'»i^. irx »nr.i**r-; ',-r:;/-*: *■-:* 
foregoing imazsi^ajj ?;»ifr. >»jufcu»^ '--.roi ar*, ;' i '^r-'^cii 
extent, flexible. A* lu**:? I'lfttiiir' tiinnnisrM? v** '-*'' 
turbing effect 15 zrwf.>er. Tut i»ih^-*^. ♦/ n:!**-.-..'-. : ; '-••' 
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MentioofooK of t:jeTt:-uii'jf» •'wi'r.t i^i?i *^^,^.f ■■*. i V;^* * 
of the action <if nz>ST.r */ vtvui^ V tstr. uu.«e< : ^^f^ '* '>^*- - 



of the wave, D being the summit, « E o is the depreasion, 
E lieitig the lowest paint, X> p is the height, q E the depth, 
and m o the length of iho wave. 

But, under the circumstances here conaidered, the mo- 
ment ihia wave has formed, it passea onward, and buc- 
cessively assumes the positions indicated at I, II, III. 
When it has arrived at the other end of the cord, it at I 
once returns with an inverted motion, aa shown al IV 
and V. Tliia, therefore, is a pro^essive undulation. 
Again, instead of the cord receiving one impulse, let it 
j^. ,(,. he agitated equally at equal inter- I 

^ ^ valsof time; it will then divide itself 

<^ "^y t H ^ ^ >Kr~^ as shown in Ffg. 167, into equal 

tervening points, m n, which are at rest. These are sta- 
tionary undulations, and the points are called nodal points. 
The agents by which uniiulalory movements are estab- 
lished are chiefly elasticity and gravity. It is the elas- 
ticity of air which enables it to transmit the vibratoiy 
motions which constitute sound, and, for the same reason, 
ateel rods and plates of glass may be thrown into musical 
vibrations. In the case of threads and wires, a sufficient 
degree of elasticity may be given by forcibly stretching 
them. Waves on the surface of liquids are produced by 
the agency of gravity. 

difleretit kinds of vibrations into which 
a stretched string may be thrown ; 
transverse, longitudinal, and twisted. 
These may be illustrated by the in- 
strument represented at Fig. 168. 
It consists of a piece of spirally- 
twisted wire, stretched from a frame 
by a weight. If the lower end of the 
wire be aecured by a clamp, onpull- 
j^ ing the wire in the middle, and then 
^* letting it go, it executes transverse 
vibrations. If the weight be gently 
lifted, and then let fall, the wire pei^ 
forms longitudinal vibrations; and if 




■A by Iho BppBiatut repreaeDted in Fig. 16S I 
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the weight be twisted round, and then released, we Lave 
rotatory vibrations. 

If we take a string, a b, Ftg.l69, and having stretched it be- 
tween two fixed points, a ^^ ig 
and b, draw it aside, and 
then let it go, it executes 
transverse vibrations, as 
baa already been de- 
scribed. The cause of ** 
its motion, from the position we have stretched it to, is its 
own elasticity. This makes it return from the position, 
a c b, to the straight line, ayb, viith a continually accel- 
eratetd velocity ; but when it has arrived in aj'b, it cannot 
stop there, its momentum carrying it forward to a d b, with 
a velocity continually decreasing. Anived in this position, 
it is, for a moment, at rest ; but its elasticity again impels 
it as before, but in the reverse direction to afb; and so 
it executes vibrations on each side of that straight line 
iintil it is finally brought to rest by the resistance of the 
air. One complete movement, from a cb to a d b and 
back, is called a vibration, and the time occupied in per- 
forming it the time of an oscillation. 

The vibratory movements of such a solid are isochro- 
nous, or performed in equal lines. They increase in 
rapidity with the tension — that is, with the elasticity — 
being as the square root of that force. The number of 
vibrations in a given time is inversely as the length of the 
string, and also inversely as its diameter. 

The vibrations of solid bodies may be studied best un- 
der the divisions of cords, rods, planes, and masses. The 
laws of the vibrations of the first are such as we have just 
explained. 

In rods the transverse vibrations are isochronous, and in 
a given time are in number inversely as the squares of the 
lengths of the vibrating parts. Thus, if a rod makes two 
vibrations in one second, if its length be reduced to half 
it will ma,ke four times as many — that is, eight ; if to one 
fourth, sixteep times as many — that is, thirty-two, &c. 
The motion performed by vibrating-rods is often very corn- 
Describe the transverse vibration of a string. What Is a vibration? 
What is the time of an oscillation ? What is meant by isochronous vibra- 
tions ? How are the vibrations of solid bodies divided ! What are the 
laws for the vibratioDS of rods ? 
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Tn-dplations {continued). — Law of the Rejlection of 
Undulationi. — Applied in l?ie case of a Plane, a Cirefe, 

an Ellipxe, a Parabola. — Case of a Circular Wave ojt 
I Plane.— Interference of Waven.— Inflexion of Wavu. 
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indulation we mean a line drawn rrom the 
3 in the direction in which any given point 
ng. A wave ia aaid to be incident when 
1 resisting surface, and reflected when it 
recoils from it. Incideat rays are those drawn from the 
origin toward the leaisting surface, and reflected rays 
those expressing the path of the undulating points after 
their recoil. Tbe angle of incidence is the angle whicb 
an incident wave makes with a perpendicular drawn to 
the surface of impact; the angle of reflexion is tbe angle 
Fit. IT*. made by the I'eflected ray and the same per- 
\d b /u peudicular. Thus, let c be a resisting' sar- 
"aee of any liini!, a c an incident ray, e 6 
t perpendicular to the point of impact of 
the wave, c d tbe reflected ray. Then a cb 
is the angle of incidence, and d c i the angle 

of reflexion. 

The general law for the reflexion of waves is, that " all 
the points in a wave will be reflected from the surface of 
the solid under (he same angle at which they struck it." 

If, therefore, parallel i-aya fall on a plane surface, they 
will be reflected parallel ; if diverging, they will bti re- 
flected diverging; and if converging, converging. 

If a circular wave advances from the center of a cir- 
cular vessel, each ray falls perpendicularly on the surface 
of the vessel, and is reflected perpendicularly — that is to 
say, back in the line along which it came. The waves. 



What ia itieBnl by n ray of unriul 
■aysl What ie Iheangle Dfineidr 
K the ]hW of reflexion I How ' 
aceaT What ia the path of cii 
I cticular Teasel after refleuoa 1 
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Fig. 178. 



therefore, all return to the center from which they origi- 
nated. 

If undulations proceed from one focus of an ellipse, 
they will, after reflection, converge to the other focus. 

If a surface be a pai-abola, rays j^f^. ns. 

diverging from its focal point, a, 
will, after reflexion, pass in par- 
allel lines, b d, c d, e d. Or if 
the rays impinge in parallel lines, 
they will, after reflexion, con- 
verge to the focus. 

When diverging rays of a cir- 
cular wave fall upon a plane surface, their«path, after re- 
flexion is such as it would have been had they originated 
from. a point on the opposite side of the plane, and as far 
distant as the point of origin itself. Thus, let c be the 
origin.of acircnlar wave, 
d a g^ which impinges 
on a plane, ef, after re- 
flexion this wave will be 
found at e kf^ as though 
it had originated ait c', a 
point on the opposite side 
of «y) as far^ c, in front 
of it. Now, the parts of 
the circular wave, J a ^, 
do not all impinge on the 
plane at the same time, 
out that at a, which 
falls perpendicularly, im- 
pinges first, and is first reflected ; the ray at d has to go 
still through the distance, d e, before reflexion takes 
place; but, in this space of time, the ray at a will have 
returned back to h ; and, in the same way, it may be 
shown that the intermediate rays will have returned to 
intermediate positions, and be found in the line e k f, 
symmetrically situated, with respect to the line e n y, in 
which they would have been had they not fallen on the 
plane. And it further follows that the center, c\ of the 
circular wave, e kf^ is as far from ef as is the centre, c, 
of the circular wave, e nf, but on the opposite side. 

How are rmys raflecied that come from one of the foci of an ellipse T How 
b it in the case of a parabola. What is the principle iUnstrated iu Fig, 176T 
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154 INTESFEEENCi: AKD INFLEXION. 

By inlerference we mean that two or more 
encouniered one another, under such circumsl 
destroy each other's efl'eci. If on water two elevations 
or two depressions coincide, they conspire ; but when an 
elevation coincides with a depression, interference takes 
place, and the sui-face of the fluid remains piano. Waves 
which have ifaua crossed oao auother continue their mo- 
tion unimpaired. 

If two systems of waves of the same length enconnter 
each other, after having come through paths of equal 
length, they will not interfere; nor will they interfere, 
even though there be a difference in the length of their 
paths, providad that difference be equal to one whole wave. 



But if two systems of wi 
each other after having c( 
length, they will interfere, 
complete when the differer 
they have come is half a 
and a half, three and a half, &c. 

When a circular wave impinges c 
there is an openi 



s of equal length encounter 
i ihrouffh paths of unequal 
id that interference will be 
of the paths thrgugh which 
and a half, two 



solid in which 
as at a. It, Fig. 
177, the wave passes through, and is 
propagated to the spaces beyond ; 
but other waves arise from a b, as 
centers, and are propagated as repre- 
sented Bi c d gf. This is the m- 
flexion of waves, and these new 
waves intersecting one another and 
the primitive one, give rise to inter- 

We have now traced the chief phenomena of vibrations 
in solids and on the surface of liquids. It remains to do 
the same for elastic bodies, such as gases. 

When any vibratory movement takes place ■ in atmos- 
pheric air, the impulse communicated to the particles 
causes them to recede a certain distance, condensing those 
that are before them ; the impulse is finally overcome by 
arising from this condensation. There, 



, is meant by the inletference of w,-ove» T 

in nai interfere ? When wii! they inlerfE 

in of waveeT What are Ihe phanomf 
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therefore, arises a sphere of air, the superficies or shell 
of which has a maximum density. Reaction now sets iq, 
the sphere contracts, and the returning particles come to 
their original positions. But as a disturbance on the sur- 
&ce of a liquid gives orig^in to a progressive wave, so does 
the same thing take place in the air. 

By the intensity of vibration of a wave we mean the 
relative disturbance of its moving particles, or the mag- 
nitude of the excursions thev make on each side of their 
line of rest. Thus, on the surface of water we may have 
waves ** mountains high," or less than an inch high ; the 
intensity of vibi-ation in the former; is correspondingly 
greater than in the latter case. 

In aerial waves, precisely as in the surface-waves of 
water, interference arises under the proper conditions. 
Thus, let a m p h. Fig, 178, be a wave advancing toward 




c, and let f» n, o jp be the intensity of its vibration, or the 
maximum distances of the excursions of its vibrating par- 
ticles. Then suppose a second wave, originating at b (a 
distance from a precisely equal to one wave length), the 
intensity of vibration of which is represented by qr. The 
motions of this second wave coinciding throughout its 
length with the motions of the first, the force of both sys- 
tems is increased. The intensity, therefore, of the wave, 
arising from their conjoint action at any point, q will be 
equal to the sum of their intensities, q r, q s — that is, it 
will be q tj and for any other point, v, it will be equal to 
the sum of v to and v u — that is, v x. So the new wave 
will be represented hj b t g x h, y 

Now let things remain as before, except that the point 
of impact of the second wave, instead of being one whole 
wave from a, is only half a wave, the eff ects on any parti- 

What is meant by the intensity of vibration T Trace the pheiioinena 
of interference represented in Fig<. 178 and 179 respectively. 
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ete. Bach as ^, take place in opposite directions, the sec 
ond vrave moviog it with the inteitsity and direction 

Fif. 179. 




r» the first with q s — the resultant of its movement in i] 
tensity and direction, will, therefore, be the difference c^ ^ 
these quantities — that is, q t. And the same reasonirs £ 
continued gives, for the wave resulting from this coDJoix^-t 
action, h t g xh c. 

Under the circumstances given in Fig, 178, the systeirx s 
of waves increase each other's force ; under those of JFl^^* 
179, they diminish it ; or if equal to one another counte :k^' 
act completely, and total interference results. 

Waves in the air, as they expand, have their superce- 
des continually increasing, as the squares of their racl- ^^ 
of distance from the original point of disturbance. Henc? < 
the effect of all such waves is to diminish as the squar^^^ 
of the distances increase. 



Under what law does the efifect of wmyes in the air diminish T 
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THE LAWS OF SOUND. 

ACOUSTICS. 



LECTURE XXXIII. 

*ioDUCTioN OF Sound. — The Note Depends on Frequen- 
cy rf Vibration. — -Distinguishing Powers of tJie Ear, — 
Soniferous Media, — Origin of Sounds in the Air. — Elas- 
ticity Required and Given in the Case of Strings by 
Stretching. — Rate of Velocity of Sounds. — All Sounds 
Transmitted with Equal Speed. — Distances Determined 
hy it.— High and Low Sounds. — Three Directions of 
Vibration, — Intensity of Sound, — Quality of Sounds. — 
Tfie Diatonic Scale. 

When a thin elastic plate is made to vibrate, one of its 
^Dds being held fiim and the other being free, and its length 
|itnited to a few inches, it emits a clear musical note. If 
H be gradually lengthened, it yields notes of different 
characters, and finally all sound ceases, the vibrations be- 
coming so slow that the eye can follow them without dif- 
ficulty. 

This instructive experiment gives us a clear insight into 
the nature of musical sounds, and, indeed, of all sounds 
generally. A substance which is executing a vibratory 
movement, provided the vibrations follow one another 
with sufficient rapidity, yields a musical sound ; but when 
those vibrations fall below t certain rate, the ear can no 
longer distinguish the effect of their impulsions. 

The number of vibrations which such a plate makes in 

What is the nature of a musical sound ? Under what circumstances 
does the sound become inaudible ? What regulates the number of Vibra- 
tioos of an elastic plate? 



J 
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« giren time depends upOD its length, being inversely a^ 
Ae aqasre frf" the length nf the vibrating part. Thus, i ^ 
we take a given piste and reduce ils length, the vibr^*'' 
tioDS vriU increase in rapidity ; when it ia half as long :#- ' 
vibrates four tunes as fast ; when one fourth, siKtee-^* 
times, &c 

All sounds arise in vibratory movenients, and mosic^^ 
notes difler from aao another in the rapidity of their v£ — 
braiirms — the more rapidly recuning or frequent the vi ■~— 
bratioD the higher the note. 

There is, therefore, no difficulty in determining hoi^^ 
many vibrsiions are required to produce any given noto^^ 
We have merely to find the length of a plate which wil - 
yield the note in question, knowing previously what length^ 
of it is required to make a determinate number of vibra— - 
lions in a given space of time. Thus it haa been fouu^^ 
that the ear can distingnish a sound made by 15 vibia — 
tions in a second, and can still continue to hear thougt:^: 
the number reaches 48,000 per second. 

That all sounds arise in these pulsatory moveroent^5 
common observations abondanlly prove. If we touch ^k 
bell, or the sBriug of a piano, or the prong of a tuning-- 
fork, we feel at once the vibratory action, and with th^ 
lotion the sound dies away. 

But the pulsations of such a body 
are not alone sufficient to produce the 
phenomeoa of sound. Media must 
intervene between them and the or- 
gan of hearing. In most cases the 
medium is atmospheric air, and wbeu 
this is taken away the effect of the 
vibrations wholly ceases. Thiu, s 
bell or a musical snuff-box, under an 
exhausted receiver, as in Fig. 180, 
can no longer be h^rd ; but on read- 
_ mitUng the air the sound becomes 
audible. The sounding body, tbere- 
ibre, requires a soniferous medium to propagate its im- 




pulses to the ear. 
Atmosphei 



1 far from being the only soniferous 

r libralioDB whicb comlitute id; aouDd b« de- 
proved that ill Hiutidi aiise in yifaratorf more- 
roied Ibit a tonifBroua medium ia required J 
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I 

M aiediooi. Sounds pass with facility through water; the 
W 'cratcluog of a pin or the ticking of a watch may be heard 
i "J the ear applied at the end of a very long plank of 
' ^vpod. Any uniform elastic medium is capable of trans- 
mitting sound ; but bodies which are imperfectly elastic, 
^x* have not an uniform density, impair its passage to a 
Corresponding degree. 

The effect of a vibrating spring, or, indeed, of any vi- 
^iming body on the atmospheric air, is to establish in it a 
^^ries of condensations and rarefactions which give rise 
^^ waves. These, extending spherically from the point of 
disturbance, advance forward until they impinge on the 
^ar, the structure pf which is so arranged that the move- 
^^ent is impressed on the auditory nerves, and gives rise 
^0 the sensation which we term sound. 

Both the sonorous body and the soniferous medium 
^QSt, therefore, be elastic, the regularity of the pulsa- 
tions of the former depends upon the uniformity of its 
elasticity. In the case of strings, we give them the re- 
quisite degree of elastic force by stretching them to the 
proper degree. And, as the undulatory movements which 
arise in the soniferous medium are not instantaneous, but 
successive, it follows that the transmission of sound in 
any medium requires time. That this is the case, we 
may satisfy ourselves by remaiking the period that elapses 
between seeing the flash of a gun and hearing the report. 
It is greater as we are removed to a greater distance. In 
different media^ the velocity of transmission depends on 
the density and specific elasticity. It has been found, by 
experiment, that in tranquil air the velocity of sound at 
60°, and at an average state of moisture, is 1120 feet in 
a second. The wind accelerates or retards sound, ac- 
cM>rding to its direction, damp air transmits it more slowly 
than dry, and hot air more rapidly than cold, the velocity 
increasing about 1*1 foot for every Fahrenheit degi-ee. 

In a soniferous medium, all sounds move equally fast ; 
it ia wholly immaterial what may be their quality or their 



Mention some such soniferous media. How is it that sounds are finally 

Krceived by the car ? What condition is required both for the sounding 
dy and soniferous medium T How may sufficient elasticity be given in 
tibe case of strings ? Does the transmission of sound require time ? What 
li the velocity of ionnd per second ( What is the effect of the wind, damp- 
or change of temperature ? 
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intensity. 



! know that even ibe tnoat intricaio 
distance is heard without any discord, 
ftnd precisely as it would be close at hand. Nor does it 
niBtier whether it be by tb« human voice, a flute, a bugle, 
or, indeed, by many different instruments at once, the 
relation of the difference of Bounds is accurately preserv- 
ed. But this can only take place as a consequence of the 
equal velocity of transmission ; for if some of these sounda 
moved faster than others discord mtist inevitably ensue. 

The experiments of Colladon and Sturm on the Lake 
of Geneva show that the velocity in water is about four 
times that in air, being 4708 feet in a second. With re- 
spect to solid substances, it is stated that the velocity in 
air being 1, that in tin is 7i, in copper 12, in glass 17, 

Advantage is sotnetimes taken of these principles to 
determine distances. If we observe the time elapsing 
between the flash of a gun and healing the sound, or be- 
tween seeing lightning and hearing the thunder, every 
second answers to 1120 feet 

Sounds are of different kinds : some are low or high, 
grave or acute, according as the vibrations are slower or 
faster. Again : the intensity of vibration or the magni- 
tudes of the excursions which the vibrating particles 
make determine the force of sounds, an intense vibra- 
tion giving a loud, and a less vibration a feeble sound. 

The vibrations of a soniferous body may take place in 
three directions: they may be longitudinal, transverse, 
or rotatory vibrations; or, indeed, they may all co-esist. 
Fif. 181. A body may be divided into vibrat- 

ing parts, separated from one another 
I by nodal points or lines. Thus, if we 
, take a glass or metal plate, and having 
strewed its surface with fine dry sand, 
and holding it firmly at one point between the thumb 
and finger, or in a clamp, as represented in Fig. 181, 
draw a violin bow across its edge, it yields a musical 
note, and the sand is thrown off those places which are 
in motion, and collects on the nodal points, which are 

The quantity, or strengtJi, or jntauiilff of a sound de 

What u the velocity of sounds in waler ? into nbil vaiieliei mn 
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penda on the intensity of the vibrations and the mass of 
the sounding body. It also varies with the distance, be- 
ing inversely proportional to its square. 

Musical sounds are spoken of as notes, or as high and 
low. Of two notes, the higher is that which arises from 
more rapid, and the lower from slower vibrations. 

Besides this, sounds differ in their quality. The same 
note emitted by a flute, a violin, a piano, or the human 
voice is wholly different, and in each instance peculiar. 
In what this peculiarity consists we are not able to say. 

The several notes are distinguished by letters and 
names ; we shall also see m*esent]y that they may be dis- 
tinguished by numbers. They are — 

CDEFGABC. 
Or, ut, re, mi, fa, sol, la, si, ut 

Such a series of sounds passes under the name of the 
diatonic scale. 



LECTURE XXXIV. 

Phenomena op Sound. — Notes in Unison, — Octave. — In- 
terval of Sounds, — Melody, — Harmony, — The Mono- 
chord, — Length of Cord and Number of Vibrations re- 
quired for each Note, — Laws of Vibrations in Cords, 
Rods, Planes, — Acoustic Figures on Plates, — Vibration 
of Columns of Air, — Interference of Sounds, — Whisper- 
ing Galleries, — Echoes, — Speaking and Hearing- Trum- 
pet, 

Two notes are said to be in unison when the vibrations 
which cause them are performed in equal times. If the 
one makes twice as many vibrations as the other, it is 
said to be its octave, and the relation or interval there is 
between two sounds is the proportion between their re- 
spective numbers of vibrations. 

There are combinations of sounds which impress our 
organs of sense in an agreeable manner, and others which 

On what does the intensity of sound depend ? What is it that determines 
tha highness or lowness of notes 1 What is meant by the quality of sounds f 
How may notes be distinguished ? When are notes in unison ? What is 
an octaTe f What is the relation or interval of sounds 7 
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produce a dissgreeablfl effect. In ibis sense, we epci/i 
of the former as being in unison, and the latter as heivg 
(liscorJant. A combination of harmonious sounds is tf 
tItorJ, a Buccesaion of Ijarmonious notes a melody, Bsd t 
Eucces^on of chords harmony. 

We bave remarked in ifae last lecture that sounds nsy 
be expre-ssed by numbers as well as by letters or names, 
and their relations lo one Another clearly exhibited. Fcnr 
this purpose, we may take the monochord or sonometer, 
C C, Fig. 1S3, aa instrument consisting of a wire or 



qp * M« ^ 



-" — ^ 



catgut strelcbed over two bridges, F F', whicb are fast- 
rncd on a basis, S S' ; one end of the cord passes over a 
pulley. M. and may be strained to any required degree 
of weights, P. The length of tbe string vibrating may 
!>«• changed by pressing it with the finger upon a movable 
pim-e. H. which carries an edge, T, and the case beneath 
13 i)i\idcd into parts which exhibit tbe length pf the vi- 
bmting part of the wire. The upper part of Fig. 162 
shows a horixontal view of the monochord, the lower a 
latrral view. The instrument here represented has two 
strings, one of catgut and one of wire. 

Now, it is to bo underatood that the number of vibra- 
tions of such a cord are inversely as its length ; that la, 
if the whole cord makes a given number of vibrations in 
one second, when you reduce its length to one half it will 
make twice as many ; if to one third, thrice as many, kc 

Whu U ■ choid,> luelodj, u>d humooj ? Describe Ibe monodiord. 
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Suppose the cord is stretched so as to give a clear sound, 
wfaich we may designate as C, and the movable bridge 
V then advanced so as to obtain successively the other 
mea of the gamut, D, E, F, G, A, B, C, it will be found 
that these are given when the lengths of the cord, com- 
pared with its original length, are — 

Name of note . . CDEFGABC 

Length of cord . . . 1, ^, 3, jf, g, y, yj, •^. 

bat as the number of vibrations is in the invei*se ratio of 

the lengths of the vibrating cords, we shall have for the 

number of vibrations, if we represent by 1, the number 

that gives C, the following for the other notes : 

Name of note . . CDEFGABC 

Number of vibrations . . 1» J» |» jj f, |» V 2. 

From C to C is an octave, and from this we gather that, 
in the octave, the higher note makes twice as many vibra- 
tions as the fundamental note, and that between these 
there are other intervals, which, heard in succession, are 
harmonious ; the eight, therefore, constitute a scale, com- 
monly called the diatonic scale. 

Musical instruments are of different kinds, depending 
on the vibrations of cords, rods, planes, or columns of air. 

It has already been stated, that the number of vibra- 
tions of a cord is inversely as its length — the number also 
increases as the square root of the force that stretches it ; 
thus, the octave is given by the same string when stretch- 
ed four times as strongly ; the material of the string, 
whether it be catgut, iron, &c., also afiects the note. 

In rods the height of the note is directly as the thick- 
ness, and inversely as the square of the length. The 
quality of the material also, in respect of elasticity, deter- 
'mines the note. 

The foregoing observations apply to transverse vibra- 
tions of cords and rods ; but they may be also made to 
execute longitudinal and torsion vibrations, the conditions 
of which are different. 

In planes held by one point, and a bow drawn across 
at another, or struck by a blow, sounds are emitted, and 
by the aid of sand nodal lines may be traced. Thus, in 
Fig. 183, a is the point, in each instance^ at which the 

What lengths of a cord are required to give the notes of the i^amut ? What 
mre the corresponding number of vibrations? What is the diatonic scale? 
What are the laws for the vibration of cords? What in the case of rods? 



IGl ACOUSTIC FIGDRBS. 

plate is Le!d, anil b tliat at wliich the bow is applleJ ; tba 
Band arranges ici^elf in ifae dotted lines. 

The two large figures are furiued by patting together 
four Bmaller plates, in one instauce beanng the nodal 
linee, represented at I, and, in the other, at II. Tbe^ 
maj, howerer, be direcily generated on otie large plaW 
of glass by holding it at a, touching it at v, and drawiag 
the bow across it at &. 




Circular plates, a in Til, may be made to bear a four- 
rayed star, by holding them in the cenler, drawing tlie 
bow at any point at b, and touching llie plate at a point 
45° distant from the bow ; but if the. plate be toached 30°, 
60O, or 90"= off, it pioducea a six-rayed stai', Fig. IV. 

Columns of air may be made to emit sounds by Iwiug 
thrown into oscillation, as in horns, flutes, clarionets, '&c, 
In these the column of air, included in the tube of the in- 
Blrumeiit, is made to Tibrate longitudinally. The height 
of the note is invei-sely proportional to the length of the 
ciilumn, aiid Lhciefore different notes may bo obtained 
by having apertures, at suitable diElances, in the side of 
the tube, as in the flute. 

Twosoundsmay beeo combined together that they ahall 
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lly destroy each other's effect, and silence result. 

irises from interference taking p]ace in the aenal 

,the laws of which are those given in Lecture XXXII. 

)llowing instances will illustrate these facts. 

en a tuning-fork is made to vibrate, and is turned 

upon its axis near the ear, four periods may be dis- 

;d during every revolution in which the sound in- 

!8 or declines. 

Ne take two tuning-forks of the same note, a d, 

184, and fasten a circle of cardboard, Fig. 184. 

Q inch in diameter, on one of the prongs ti 

:h, and make one of the &rks ja little 

}r than the other, by putting on it a drop 

X, and then filling a jat, b, to such a 5 I 

: with water, that either of the forks, 

held over it, will make it resound, so 
s only one is held, there will be a con- 
is note, without pause or interruption ; 
' both are held together, there will be periods of 
Q and periods of sound, according as the longer 
, arising from one of the forks, overtakes and inter- 
ti'ith the shorter waves, arising from the other, 
nds undergo reflexion, and may therefore be directed 
faces of suitable figure. If, in the focus of a concave 
• a watch be placed, its ticking may be heard at a 
distance in the focus of a second mirror, placed so 
•eceive the sound-waves of the first, 
similar principles also whispering-galleries depend. 

are so constructed that a low whisper uttered at 
Dint is reflected to a focus at another, in which it 
€ distinctly heard, v/hile it is inaudible in other po- 
.. The dome of St. Paul's cathedral, in London, is 
imple. 

loes are reflected sounds. Thus, if a person stands 
at of a vertical wall, and at a distance from it of 
62 i feet, if ho utters a syllable, he will hear a sound 

is the echo of it. If there be a series of such ver- 
bstacles, at suitable distances, the same sound may 
)eated many successive times. A good ear can dis- 

jh nine distinct sounds in a second ; and, as a sound 

■ — ' 

iome illustrations of the interference of sound. How may it be 
that sounds undergo reflexion ? What are whispering-galleries t 
what circumstances do echoes arise? 



tnveb 1120 fe«t in the came lime, far the echo to 
ciskrlr liiBlugnialml &ota its original sound, it must tra 
12$ feet to pcasing to and &om the reflecting eurface, d 
if, diiB TKieaat mnst be at least 63} feet distant. 

Rentarkable echoes exist in sereral places. One n( 

SCIkb r^eats a aooihl ihiitf times. The ancients me 

' don (MM wttidi could repeat the first verse of the ^oe 




eighl tines. On the banks of ri 

the Rhine, as represented in Fig. 1S5— 

echoed from the rocks, rebounJin 




a Fig. 186, in a parallel directioi 
'• depends on its length. It is staled that through such 
instrument, from IS to 24 feet hjng, a man's voice can 
heard at a distance of three miles. Undei 
cumsiances, the greatest distances at which s 
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OPTICS. 



LECTURE XXXV. 

PriOPERTies OP Light. — Theories of the Nature of Lig^'- 
— Sources of Lig/it. — Pkospkoreicence. — Tcmjieraturff 
a rrd Heal. — Ejects of Bodies on Light. — Pastagt i» 
straight Lines. — Production of Shadoiri. — Umbra and 
Penum/iTa. 

Having successively treated of the general mechanical 
proiiPltiea of gases, liquids, soHda, and the laws of molioni 
we ara led, in the next place, to the consideration of cer- 
tain agents or forces — ligtt, beat, electricity. These, by 
many philosophers, are believed to be matter, in an '"i- 
ponderable state ; they are therefore spoken of as im- 
poniJorable substances. By others ibetr efTecta are re- 
garded as arising from motions or modilications impresae^ 
(111 a medium everywhere present, which passes under 
the name of tub ether. 

Applying these views to the case of light, two different 
hypotliesea, respecting ita constitution, obtain. The finl, 
which has iho designation of the theory of emission, re- 
gards light as consisting of particles of amazing minute- 
tiots, which are projected by the shining body, in alt ili- 
rections, and in straight lines. These impinging e 
ally on the organ of vision, give rise to the sei 
which we speak of as brighinesB or light. To the other 
theory, the title oi undiiJ/itory theory is given; it supposee J 
that inoro exists throughout the universe an ethereal me- 
dium, ill which vibratory movements can aiise somewhat I 
nimlogouB to tho movements which give birth to sounds 1 

Nanw Ilia ImponilBnililB subiiances. What other ih 

•pM'lllUf llinlt imlun '- What is Iho IhEOrj □( emUsioD ! Wluit ii tl 
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m the ah-; and these passing through the transparent 
parte of the eye, and falling on the retina, affect it with 
their pulsations, as waves in the air affect the auditory 
nerve, but in this case give rise to the sensation of light, 
as in the other to sound. 

There are many different sources of light — some are 
astronomical and some terrestrial. Among the former 
inay be mentioned the sun and the stars — among the lat- 
ter, the burning of bodies, or combustion, to which we 
chiefly resort for our artificial lights, as lamps, candles, gas 
flames. Many bodies are phosphorescent, that is to say, 
emit light after they have been exposed to the sun or any 
shining source. Thus, oyster-shells, which have been cal- 
cined with sulphur, shine in a dark place after they have 
•^en exposed to the light, and certain diamonds do the 
Wme. So, too, during processes of putrefaction, or slow 
^^y, light is very often emitted, as when wood is mould- 
^g or meat is becoming putrescent. The source of 
fne lunoiinousness, in these cases, seems to be the same as 
^ ordinary combustions, that is, the burning away of car- 
^n and hydrogen under the influence of atmospheric air; 
"% in certain cases, the functions of life give rise to an 
®*>undant emission of light, as in fireflies and glowworms ; 
"*e«e continue to shine even under the surface of water, 
^ there is reason to believe that the phenomenon is to a 
considerable extent subject to the volition of the animal. 
All solid substances, when they are exposed to a cer- 
tain degree of heat, become incandescent or emit light. 
When first visible in a dark place, this light is of a red- 
dish color, but as the temperature is carried higher and 
higher it becomes more brilliant, being next of a yellow, 
and lastly of a dazzling whiteness. For this reason we 
sometimes indicate the temperature of such bodies, in a 
rough way, by reference to the color they emit : thus we 
speak of a red heat, a yellow heat, a white heat. I have 
recently proved that all solid substances begin to emit 
light at the same degree of heat, and that this answers to 
9770 of Fahrenheit's thermometer ; moreover, as the tem- 

Mention some of the sources of light. What is meant by phospho- 
reacence ? To what source may the light emitted during putrefaction and 
decay be attributed ? What is there remarkable in the shining of glow- 
wornis and fireflies ? What is meant by incandescence T What wicces- 
vioD of colors is perceived in self-luminous bodies ? At what temperature 
do all solids begin to shine ? 

H 
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A Mining faiL^y is faid Id radiate its light, becanse it 
l^-ojects its huniiioas particles in straight fines, like radii, 
in erery direction, and these fifing on opaque bodies 
and being intercepted by them, gire rise to the produc- 
tion of shadows. 
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he light 18 emitted by a single luminous point, the 
ary of the shadow can be obtained by drawing 



Fig.ldB, 




it lines from the lumi- 
point to every point on 
ge of the body, and pro- 
^them. Thus, let a, JV^. 
e the luminous point, b 
opaque body ; by draw- 

lines ab,ac, and pro- 

1 them to d and e the 
ary and figure of the 
IT may be exhibited. 
. if the luminous body, 

most instances is the 
possesses a sensible 
tade ; if it is, for example, the sun or a dame, an 
e body will cast two shadows, which pass respect- 
inder the names of the umbra and penumbra — the 
- being dark and the latter partially illuminated, 
lay be illustrated by Pig. 189, in Fig. 189 

a & is the flame of a candle or 
her luminous source, having a 
le magnitude, c d the opaque 
Now the straight lines, a c J] 
drawn from the top of the flame 
edges of the opaque body and 
»d, give the shadow for that 
>f the flame ; and the lines bee, 
drawn in like manner from the 
I of the flame, give the shadow for that point. But 
) that the space between g and h, which belongs to 
idow for the top of the flame, is not perfectly dark, 
le it is so situated as to be partially illuminated by 
ttom of the flame— and a similar remark may be 
as respects the space, y*e, which receives light from 
p of the flame. But the remaining space, y g, re- 
no light whatever — it is totally dark — and we there- 
ill it the umbra, while the partially-illuminated re- 
fe and g h, are the penumbra, 

I the thadow of a body formed by a lominons point. Trace the 
n of a shadow when the luminous toorce is of sensible sixe. What 
mfavm T What is the penumbra f 
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Of thk Mbasukes or the Intensitt and VELocmr of 
Light. — Comiitiom of the Inttntity tf Light. — Ctf Pho- 
tometric Metliodt. — Rum/ord'i Method by Shadows. — 
Ritchie's Photometrr. — Dijicvities in Colored LigiUg-- 
Mtuion'i Method. — Velocity of Light Determined hylhx 
Bdipiu if Jupiter' 3 SaldliU). — The tame by the Aber- 
ration of the Fixed Stars. 

By Photometry we mean the Tneasurement of the brill- 
iancy of light — an operation which can be conducted ia 
many different ways. 

It is to be understood that the illuminating power of a 
shining body depends on several circumstancea : Pirst, 
upon its distance — for near at hand the effect is tnuch 
greater than far off — tbe law for the intensity of light in 
this respect being that the brilliancy of the light is inversely- 
aa the ei|iiare of the distance. Acandle two feet off gives 
only one fourth of the light that it does at one foot, at three 
feet it gives only one ninth, &c. Secondly, it depends oa 
the absolute intensity of tbe luminous surface : thus tMO' 
Save seen that a solid at different degrees of lieat emits 
very different amounts of light, and in the same way the 
flame of bumiug hydrogen is almost invisible, and that 
of spirits of wino is very dull when compared with 
an ordinary tamp. Thirdly, it depends on the area or 
surface the shining body exposes, the brightness being 
greater according aa that surface is greater. Fourthly, 
in the absorption which the light suffers in passing the 
medium through which it has lo traverse — for even tbe 
raost transparent obstructs it to a certain extent. And 
lastly, on the angle at which tbe rays strike the surface 
they illuminate, being most effective when they fall per- 
pendicularly, and less in proportion as their obliquity in- 



Whal 18 photometry T Meniion Boiue of the conditions which rfetPrmiiiB 
thehnlliancy oflighl. WholiB the iaw of Us i)ecrea»e bydistance? Whsl 
bas obliquity of euifaces lo do with (be result i 
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The first and last of the conditions here mentioned, as 
controlling the intensity of light — the effect of distance 
and of obliquity — ^may be illustrated as follows :— > 

Fi£. 190, 




Ist. That the intensity of light is inversely as the squares 
of the distance. Let B, Fig. 190, be an aperture in a 
piece of paper, through which rays coming from a small 
illuminated point. A, pass ; let these rays be received on 
a second piece of paper, C, placed twice as far from A as 
is B, it will be found that they illuminate a surface which 
is twice as long and twice as broad as A, and therefore 
contains four times the area. If the paper be placed at D, 
three times as far from A as is 6, the illuminated space 
will be three times as long and three times as broad as A, 
and contain nine times the surface. If it be at E, which 
is four times the distance, the surface will be sixteen times 
as great. All this arises from the rectilinear paths which 
the diverging rays take, and therefore a surface illumina- 
ted by a given light will receive, at distances represented 
by the numbers 1, 2, 3, 4, &c., quantities of light repre- 
sented by the numbers 1, J, i, yf, &c., which latter are 
the inverse squares of the foimer numbers. 

2d. That the intensity of light is dependent on the an- 
gle at which the rays strike the receiving surface, being 
most effective when they fall perpendicularly, and less in 
proportion as the obliquity increases. Let there be two 
surfaces, D C and E C, Fig. 191, on which a beam of 
light, A B, falls on the former perpendicularly and on the 
latter obliquely — the latter surface, in proportion to its 
obliquity, must have a larger area to receive all the rays 
which fall on D C. A given quantity of light, therefore. 

Giro iUustntioiu of the effect of distance and of obliquity. 
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18 difiVised over a greater surface when it is received oo* 
liquely, and its effect is correspondingly less. 

To compare different lights with one another, Count 
Rumford invented a process which goes under the name 
of the method of shadows. The principle is very simple. 
Of two lights, that which is the most brilliant will cast the 
deepest shadow, and with any light the shadow which is 
cast becomes less dark as the light is more distant. If, 
therefore, we wish to examine experimentally the brill- 
iancy of two lights on Rumford's method, we take a 
screen of white paper and setting in front of it an opaque 
rod, we place the lights in such a position that the two 
shadows arising sh^l be close together, side by side. 
Now the eye can, without any difficulty, determine which 
of the two is darkest ; and by removing the light which 
has cast it to a greater distance, we can, by a few trials, 
bring the two shadows to precisely the same degree of 
depth. It remains then to measure the distances of the 
two lights from the screen, and the illuminating powers 
are as the squares of those distances. 

Ritchie's photometer is an instrument for obtaining the 
same result, not, however, by the contrast of shadows, 
but by the equal illumination of surfaces. It consists of 
a box, a h. Fig, 192, six or eight inches long and one 
broad and deep, in Uie middle of which a wedge of wood, 
/eg, with its angle, «, upward, is placed. This wedge 
IS covered over with clean white paper, neatly doubled to 
a sharp line at e. In the top of the box there is a conical 
tube, with an aperture, dy at its upper end, to which the 

What M the principle of Rumford's photometric process ? How is it 
applied in practice ? What is the iilaminating power of the lights propor- 
tional to ? Describe Ritchie's photometer. 
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^y^is applied, and the whole may.be raised to any suitable 
"^ght by means of g^ ^^ 

foestandc. On look- 
ing down through 
»» h&v'mg previous- 
ly placed the two 
^ghtB, m », the in- 
tensity of which we 
desire to determine . 
on opposite sides of hi 
the box, they illu- 
minate the paper 
surfaces exposed to 
them, e fxx} m and e ^ to fi, and the eye, at d, sees both 
those surfaces at once. By changing the position of the 
lights, we eventually make them illuminate the surfaces 
equally, and then measuring their distances from e, their 
illuminating powers are as the squares of those dis- 
tances. 

It is not possible to apply either of these methods in a 
satisfactory manner where, as is unfortunately often the 
case, the lights to be examined differ in color. The eye 
can form no judgment whatever of the relation of bright- 
ness of two suifaces when they are of different colors ; 
and a very slight amount of tint completely destroys the 
accuracy of these processes. To some extent, in Ritchie's 
instrument, this may be avoided, by placing a colored 
glass at the aperture, d. 

A third photometric method has recently been intro- 
duced ; it has great advantages over either of the fore- 
going ; and difference of color, which in them is so se- 
rious an obstacle, serves in it actually to increase the ac- 
curacy of the result. The principle on which it is found- 
ed is as follows : If we take two lights, and cause one of 
them to throw the shadow of an opaque body upon a 
i¥hite screen, there is a certain distance to which, if we 
bring the second light, its rays, illuminating the screen, 
will totally obliterate all traces of the shadow. This dis- 
appearance of the shadow can be judged of with great 



What difficulties arise when the lights and the shadows they give are 
coloi«d / How may these be avoided ? Describe another process which 
is fiee from the foregoing difficulties. On what principle does it de- 
pend? 
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accuracy by the eye. .It has been found that eye 
average sensitiveness fail to distinguish the effect • 
light when it is in presence of another sixty-four time 
intense. The precise number yaries somewhat with 
ferent eyes ; but to the same eye it is always the sa 
If there be any doubt as to the perfect disappearance 
the shadow, the receiving screen may be agitated 
moved a little. This brings the shadow, to a certain « 
tent, into view again. Its place can then be traced ; ai 
on ceasing the motion, the disappearance verified. 

When, therefore, we desire to discover the relative i. 
tensities of light, we have merely to inquire at what dit 
tance they effect the total obliteration of a shadow, ant 
their intensities are as the squares of those distances. 1 
have employed this method for the determination of the 
quantities of light emitted by a solid at different temper^ 
atures, and have found it very exact. 

Li^ht does not pass instantaneously from one point to 
another, but with a measurable velocity. The ancients 
believed that its transmission was instantaneous, illustrat- 
ing it by the example of a stick, which, when pushed 
at one end, simultaneously moves at the other. . They 
did not know that even their illustration was false ; for a 
certain time elapses before the farther end of the stick 
moves : and, in reality, a longer time than light would re- 
quire to pass over a distance equal to the length of the 
Slick. But in 1G76, a Danish astronomer, Roemer, found, 
from ol^servations on the eclipses of Jupiter's satellites, 
that li^ht moves at the rate of about 192,000 miles in one 
second. 
"^ Tiiis singular observation may be explained as follows : 
Lot S. FtiT, 193. be the sun, E the earth, moving in the 
iubit E K . as indicated by the arrows ; let J be Ju pi- 
tor and T his first satellite, moving in its orbit round 
him. It takes the satellite 42 houre 29 minutes 35 sec- 
onds to pass from T to T' — that is to sav, through the 
planet's shadow. But, during this periocl of time, the 
earth moves in her orbit, from E to E', a space of 
i^.S^O.OOO miles. Now, it is found, under these circura- 



l\vs lijsht move wiih instantaneous Telocity T Who discovered its pro- 
ftT\'^sc^i\e luotioD I What is its actual rate ? Desciibe the facts by which 
this has been detenuincd. By whom mud under what circumstances has 
this been verified t 
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ftaoces, that the emersion of the satellite is 15 seconda 

Fig. 193. 
B' ^ . K 




)«ter than it should have been. And it is clear that this 
w owing to the fact that the light requires 16 seconds to 
pa«8 from E to E' and overtake the earth. Its velocity, 
"Jerefore, in one second, must be 192,000 miles. 

This beautiful deduction was coiToborated by Dr. 
^radley, in 1725, upon totally different principles, involv- 
ing what is termed the aberration of the stars. The prin- 
ciple, which is somewhat dif- Fig. m. 
ocult to explain, is clearly il- M 
lofitrated by Eisenlohr as fol 
Ws: Let M N represent a 
ship, whose side is aimed at 
point blank by a cannon at a. ^ 
Now, if the vessel were at c- 
rest, a ball discharged in this 
iDanner would pass through 
the points b and c, so that the 
three points, a, b, and c, would all be in the same straight 
line. But if the vessel itself move from M toward N, 
then the ball which entered at b would not come out at 
the opposite point, c, but at some other point, d, as much 
nearer to the stem, as is equal to the distance gone over 
by the vessel, from M to N, during the time of passage 
of the ball through her. The lines b c and b dy therefore, 
fbrnci an angle at 5, whose magnitude depends on the po- 
sition c^ b c and b d. The greater the velocity of the 
bally as compared with the ship, the less the angle. Next, 

What is moant by the alierralion of the fixed stare ? Give an illustration 
of it. What is the value of the angle of aberration ? What is the velocity 
of light u thus determined? 

H* 
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fw the sbip substitute in your mind the earth, and for the 
cannon any of the fixed stars; let the velocity, 6 c, of the 
cannou-bal) now stand for that of light, and let d c he the 
velocity of the earth in her orbit. The angle d b c,ia 
called the angle of aberration. It amounts to SOj^ seconds 
for all the stars ; for they all exhibit the same alteration 
in their apparent poaition, being more backward than 
they really are in the direction ol the earth's annual mo- 
tion, 3B Bradley discovered. By a simple trigonometri- 
cal calculation, it appeal's from these facts that the velo- 
city of light is 195,000 miles pec second, a result nearly 
coinciding with the former. 



LECTURE XXXVII. 

Hbflbxion of Light. — Different kinds ^ Mirrort. — 
General Law of Reflexion. — Case of Parallel, Con- 
verging, and Direrging Rayt on Platte Mirrors. — The 
Kaleidoscope. — Properties of Spherical Concave IHXr- 
Tors. — Properties of Spherical Convex Mirrors. — Sphe^- 
cal Aberration. — Mirrors of other Forms. — C>/lindrical 
Mirrors. 

When a ray of light falls upon a surface, it may bo 
reflected, or transmitted, or absorbed. 

"We therefore proceed to the etudy of these three 
incidents, which may happen to light, commencing with 
reflexion. 

Reflecting surfaces in optica are called mirrors; they 
are of various kinds, as of polished metal or glass. They 
differ also as reapecta the figure of their surfaces, being 
plane, convex, or concave ; and again they are divided 
into such as are spherical, parabolic, elliptical, &c. 

The general law which is at the foundation of this 
part of optics — the law of reflexion — is as follows : 

The angle of reflexion is equal to the angle t^ Incidence, 
the refleeted ray is in the opposite side of ilte perpendicular, 
a»d the perpendicvlar, t/ie incident, and the reflected rays 
are all in the same plane. 
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Thus, let c, Fig. 195, be the reflecting sur- ^- 1»- 
face ; ^ c a perpendicular to it at any point, V^ ^ ja, 
a c & ray incident on the same point ; the \ / 

path of the reflected ray under the foregoing \ / 
law will hec d; such, that it is on the oppo- \ / 
site side of the perpendicular to the incident ^^A ^^^ 
ray, that a c,cb, and c d, are all in the same c 

plane, and that the angle of incidence, a c b, ib equal to 
the angle of reflexion, bed. 

Reflexion from mirror surfaces may be studied under 
three divisions : reflexion from plane, from concave, and 
from convex mirrors. 

When parallel rays fall on a plane mirror, they will be 
reflected parallel, and divergent and convergent rays will 
respectively diverge and converge at angles equal to their 
angles of incidence. 

When rays diverging from a point fall on a mirror, 
they are reflected from it in such a manner as though 
they proceeded from a point as far behind it as it is in 
reality before it. This principle has already been ex- 
plained in Lecture XXXII, Fig. Fig.m. 
176. It is illustrated in Fig. 196. 
Thus, if from the point a two 
rays, a h, a c^ diverge, they will, 
under the general law, be respect- 
ively reflected along b d, c e; and 
if these be produced they will in- 
tersect at a\ as far behind the 
mirror as a is before it. The 
point a' is called the virtual focus, dy 

From this it appears that any 
object seen in a plane mirror ap- 
pears to be as far behind it as it is 
in reality before it. 

If an object is placed between two parallel plane mir- 
rors each will produce a reflected image, and will also 
repeat the one reflected by the other. The consequence 
is, therefore, that there is an indeflnite number of images 
produced, and in reality the number would be infinite 

Illastrate this law by Fig. 195. What three kinds of mirrors are there ? 
When parallel, divergent, or convergent rays fall on a plane mirror, what 
happens to them after reflexion ? What does Fig, 196 iUustrate f What 
ii the effect of two parallel plane mirrors ? 
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were the light not gradually efnfeebled by loss at eacb 
•Qcceibive reflexion. 

The kaleidoscope is a tobe containing two plane roiV' 
rors, which ran tlm>uffh it lengthwise, and are generalljT 
inclined at an angle of 60^. At one end of the tube is an 
arrangement by which pieces of colored glass or other 
objects may be held, and at the other there is a cap with 
a small aperture. On placing the eye at this aperture 
the objects are reflected, and form a beautiful hexag- 
onal combination, their position and appearance may be 
varied by turning the tube ro'und on its axis. 

Concave and convex mirrors are commonly ground to 
a spherical figure, though other figures, such as ellipsoids, 
parabaloids, &c, are occasionally used for special pur- 
poses. It is the properties of spherical concaves that we 
shall first describe. 

The general action of a spherical mirror may be under- 
Fig.im, stood by regarding 

it as made up of 
a great number of 
small plane mirrors, 
as A, B, C, D, E, 
F,G, Fig. 197. On 
such a combination 
of small mirrors, let 
rays emanatmg from R impinge. The difierent degrees 
of obliquity under which they fall upon the miiTors cause 
them to follow new paths after reflexion, so that they 
converge to the point S as to a focus. 

The problem of determining the path of a ray after it 
has been reflected is solved by first drawing a perpen- 
dicular to the surface at the point of impact, and then 
drawing a line on the opposite side of this perpendicular, 
making with it an angle equal to that of the angle of 
incidence of the incident ray. Thus, let r, #, F/g. 198, 
be an incident ray falling on any reflecting surface at *. 
To find the path it will take after reflexion, we first draw 
* c, a perpendicular to the surface at the point of impact, s. 
And then draw the line 9 f on the opposite side of the 

What is the kaleidoscope ? What is the ordinary figure of concave and 
convex mirrors ? How may the general action of these mirrors be con- 
ceived? Describe the method for detennining the path oif rays alter 
reflexion. 
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I perpendicular c *, such, that the angle c * / is equal to 
f the angle e 9 r. This is nothing but an application of 
the general law of reflexion, that the angles of incidence 
and reflexion are equal to one another, and are on oppo- 
site sides of the perpendicular. 

When rays of light diverge from the center of a spheri- 
cal concave mirror, after reflexion they converge back 
to the same point. For, from the nature of such a surface, 
iixies drawn from its center are perpendicular to the point 
to which they are drawn, every ray, therefore, impinges 
I>^Tpendicularly upon the surface and returns to the center 
*" ~ 'ain. 

When parallel rays of light fall on tjie surface of a sphe- 
f^' 198. rical mirror, the aper- 

ture or diameter of 
which is not very 
large, they are re- 
flected to a point half 
way between the sur- 
face and center of the 
mirror. Thus, let r* 
r^ y he parallel rays 
■lliug on the mirror * *', the aperture, s *', of which is only 
few degrees, these rays, after reflexion, will be found 
'Onverging to the point yi which is called the principal 
^^)eus, half way between the vertex of the mirror, v, and 
center, c; for if we draw the radii, c s c 8\ these lines 
perpendiculars to the mirror at the points on which 
"^Tiey fall ; then make the angles c *y equal c * r, and c s'f 
^qual c 9' r', and it is easy to prove that the point y" is 
tnidway between v and c. 

But if the aperture, s s\ of the mirror exceeds a few de- 
grees, it may be proved geometrically that the rays no 
longer converge to the focus, yj but, as the aperture in- 
creases, are found nearer and nearer to the vertex, v, until 
finally, were* it not for the opacity of the mirror, they 
would fall at the back of it. As this deviation is depend- 
ent on the spherical figure of the mirror, it is termed 
aberration of sphericity. 

Wheii rays diverge from the center of a spherical concave mirror, where 
will Ihcy be found alter reflexion ? What is the case when parallel rays 
fall on a spherical mirror f Why is the result limited to mirrors of small 
aiierture X What is meant by aberration of Kphcricily ? 
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OoiiTenelyt if divergiQg rays issae from a lucid poifl^ 
j^. lOB. / Fig. 198, half mf 

between the vertex 
and center of a spheri- 
cal mirror of limited 
aperture, they will be 
reflected in parallel 
lines. 

Rays coming from 
any point, r, Fig. 199, 
at a finite distance beyond the center o£ the mirror, will 

be reflected so as to fall 
between the focus, ^ and 
the center, c. 

Rays combgfrom a point, 
r, jFY^. 200, between the 
focus, yi and the vertex, v, 
will diverge afler reflexion. 
Under such circumstances 
a virtual -focus, y, exists 
at the back of the mirror. 

Concave mirrors give rise 
to the formation of images 
in their foci. This fact may be shown experimentally by 
placine a candle at a certain distance in front of such a mir- 
ror and a small screen of paper at the fi>cus. On this paper 
will be seen an image of the flame, beautifully clear and 
distinct, but inverted. The relative size and position of 
diis image varies according to the distance of the object 
from the vertex of the mirror. 

The second variety of curved mirrors is the convex ; 
their chief properties are as follows : 

When pai*allel rays fall on the surface of a convex mir- 
ror, they become divergent after reflexion ; for let s s^ he 
such a mirror, and r 9 r' s' rays parallel to its axis falling 
on it, let c be the center of the min*or, and draw c s C9\ 
which will be respectively perpendicular to the mirror at 
the points s and s' ; then for the reflected rays, make the 

What is the case when diverging rays issue from the focus of a spherical 
mirror? What when they come from a finite distance beyond the center? 
What when they come from between the focus and the vertex ? How may 
it be proved that concave mirrors form images ? What is the second vari- 
ety of mirrors? When parmllel rays fall on a convex mirror, what path 
do they take ? 
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*^gle, tsp, equal to p s r, and the angle, f *'^', equal to 

/^ * V. It may then jtvit.sdi. 

^ demonstrated, that 

Dot only do these re- ^ 

tected rays diverge, 
But if they be produced 
tiirough the mirror till 
they intersect, they will 
K giye a virttial focus at 
J, half way between 
the vertex of the mir- 
ror, t?, and its center, c, 
00 long as the mirror is 
of a limited aperture. 

In a similar manner 
it may be proved that diverging rays, falling on a convex 
mirror, become more divergent. 

To avoid the effect of spherical aberration, it has been 
proposed to give to mirrors other forms than the spherical. 
Some are ground to a paraboloidal, and others to an ellip- 
Boidal figure. Of the propeities of such surfaces I have 
already spoken, under the theory of undulations, in Lec- 
ture XXXII ; and the effects remain the same, whether we 
consider light as consisting of innumerable small particles, 
shot ferth with great velocity, or of undulations arising in 
an elastic ether. In both cases parallel rays, falling on a 
paraboloidal mirror, are accurately converged to the fo- 
cus, whatever the aperture of the miiTor may be ; and in 
ellipsoidal ones, rays diverging from one of the foci, are 
collected together in the other. Occasionally, for the pur- 
poses of amusement, mirrors are gi'ound to cylindrical 
or conical figures ; they distort the appearance of objects 
presented to them, or reflect, in proper proportions, the 
images of distorted or ludicrous paintings. 

Why are paraboloidal and ellipsoidal mirrors sometimes used ? "What 
is the effect of the former on parallel lays ? What of the latter on rays is- 
raing from one of the foci ? what are the effects of cylindrical mirrors ? 
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LECTURE XXXVIII. 

Refraction op JjIqht, '•^Refractive Action descr 
Law of the Sines, — Relation of the Refractive 
with other Qualities, — Total Reflexion. — Rays « 
Surfaces. — The Prism. — Action of the Prism on 
— 2%€ Multiplying' Glass. 

When a ray of ligbt passes out of one mediu 
another of a different density^ its rectilinear prog 
disturbed, and it bends into a new path. This pi 
enon is designated the refraction of light. 

Thus, if a sunbeam, entering through a small 
the shutter of a dark room, falls on the surface o 
water contained in a vessel, the beam, instead of ; 
on in a straight line, as it would have done had th( 
not intervened, is bent or broken at the point of inc 
and moves in the new direction. 

Fig. 202. ^^ lu tljQ same way, al 

coin or any other obj 
Fig. 202, be placed 
bottom of an empty 
A B C D, and the ey 
so situated that it cann 
ceive the coin, the e^ 
the vessel intervening 
pour in water the object 
into view ; and the cause of this is the same as in l 
raer illustration : for while the vessel is empty the 
obstructed by thjB edge of the bowl, as at O G 
when water is poured in to the height F Gr, ref 
at the point L, from the perpendicular, P Q, ensue 
now the ray takes the course OLE, and entering : 
at E, the object appears at K, in the line ELK. 
For the same reason oars or straight sticks imi 
in water look broken, and the bottom of a stream 
at a much less depth than what it actually is. 

What is meant by the refraction of light ? Explain the illustr; 
this phenomenou as giyent iu Figs. 202 and 203. 




^u 



JX> 



The scoe tbbxJ: azims nrmfr zxa zjrcjnxssBJistts^ t; 
■ocod is F-x. SliS- n. "fTiiia. ±. rsfir-sasiis & rsinEe. 
"js flc wiSci "T^" OL I Ftp XL 

diadow of tbe sit A C 
ni9toaIi£: D. If;^ 
Kxi be 



IZkf 




I 



witer, every ibzz:z ne^ x^^t 

muoiDg as befisre, ibr *r.ti:TT Ty-... .ei^-f r:-? T'iitc « 
go tod, the raj* ^sierrri-r rf-.-i:u:i t* :j>fT f-rcf 
'Hjaid; and if ibe ejc co«;£i z»z t l.-t-I l: £, :: "n^."*-:- 
™ caodle at e, in lie clr^e-niic :: i A ?r>ii^ic 
I««t X O, Fig. 204, be t Z'Sztlzzizz Kirdirr- !-•£ C 
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point of incidence of a ray, B C, C E the course of tlio 
refracted ray, and C K the course the ray would havo 
taken had not refraction ensued. With tlie point of inci- 
dence, C, as a center, describe a circle, N M O G, and from 
A and R draw the lines A D, R H at right angles to tho 
Derpendicular M G to the point C. Then ACM will 
be the angle of incidence, R C G the angle of njfnictioii ; 
A D is the fline of the angle of incidence, and II It tim 
sine of the angle of refraction. Now in ovtjry rnfMliiini 

Enilain FUf. 204. What is the angle of incidmirn 7 What w iImi niii'.lii 
of ivinctiMiT Which are tho sinea of those angle* 7 




IM I<AW OF UirXB. 

tbeae lines have a fixed relation to one another, \ 
general law of refraction is as follows : — 

]m each mediwm the sine of the angle of incidence 
constant ratio to the sine of the angle of refrcuitian ; 
cident, the perpendicular, and the refracted ray ai 
the same p&Mce^ which is always at right angles to t 
of the refracting medium. 

Fig.VA. To a beginner, this 

the constancy of sines 
explained as follows :- 
D, Fig. 205, be a ra] 
on a medium, A B, in t 

D, where it undergoei 
tion and takes the din 

E. Its sine of incid< 
just explained, is C g, 
sine of refraction E c ; 
us suppose that the m* 
^f such a nature that 

of refraction is one half the sine of incidence — tl 
e is half C g. Moreover, let there be a second n 
incident also at the point D, and refracted alon; 
H h will be its sine of incidence, and F y its sir 
fraction ; and by the law Fy* will be exactly one I 
The proportion or relation between these sinei 
when different media are used, but for the same 
it is always the same. Thus, in the case of water, 
portion is as 1.366 to 1; for flint-glass, 1.584 to 1 ; 
mond, 2.487 to 1. These numbers are obtainec 
periment. They are called the indices of refra< 
bodies, and tables of the more common substai 
given in the larger works on optics. 

No general law has as yet been discovered whic 
enable us to predict the refractive power of bod 
any of their other qualities ; but it has been noti 
inflammable bodies are commonly more power 
incombustible ones, and those that are dense are i 
ergetic than those that are rare. 

When a ray of light passes out of a rare into 

What relation do these sines bear to one another ? Explain 
the constancy of the sines aS given in Fig. 205. What is the rate 
flint-glass, and diamond ? What is meant by indices of refractioi 
refractive power of bodies connected with any other property ? 
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iQediom, it is refracted toward tbe perpendicular. Fig. 
803 ia an illustration — the rays passm? from air into wa- 
ter. But when a raj passes from a dense into a rarer 
iBediam it is refracted Jrom the perpendicular. Fig. 
202 is an example — the rays passing from water into 
air. 
la every case when a ray falls on the surface of any 

fioedioiD whatever, it is only a portion which is transmit- 
ted, a portion being always reflected. If in a dark room 
r ^e receive a sunbeam on the surface of some water, this 
divieion into a reflected and a refracted ray is very evi- 
<^ent: and when a ray is about to pass out of a highly re- 
active medium into one that is less so, making the angle 
^ incidence so large that the angle of refraction is equal 
^o or exceeds 90^, total reflexion ensues. This may be 
'^adily shown by allowing the Fig, sos. 

^^ys from a candle, Jl or any 
^^ner object, to fall on the sec- 
^Yid fiice, 6 c, of a glass prism, a h 

^tFig.206; the eye placed Bid 
^'^ill receive the reflected ray, d 
^» and it will be perceived that 
^tie face b c o£ the glass; when 
Exposed to the daylight, ap- 
l^oars as though it were sil- 
vered, reflecting perfectly all objects exposed to its 
*tont, a c. 

As with the reflexion of light, so with refraction — it is 
to be considered as taking place on plane, convex, and 
concave surfaces. 

When parallel rays fall upon a plane refracting surface 
they continue parallel after refraction. This roust neces- 
sarily be the case on account of the uniform action of the 
medium. 

If divergent rays fall upon a plane of greater refractive 
power than the medium through which they have come, 
they will be less divergent than before. Thus, from the 
point a let the rays ab, ah' diverge ; afler suffering re- 
traction tbey will pass in the paths b c, b' c\ and if these 

When is light refracted toward and when from the perpendicular ? Is 
the whole of the light transmitted ? Under what circumstance does totnl 
reflexion take place 7 What ensues when parallel rays fall on a plane 
surface T What is the case with diverging ones 7 
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THE PRISM. 




lines be projected, they will inter- 
sect at a\ but a! h, a' h' are less 
divergent than ah^ a h'. 

If, on the contrary, rays puss 
from a medium of greater to one 
of less refractive power, they will 
be more divergent after refrac- 
tion. For this reason bodies un- 
der water appear nearer the eur-, 
face than they actually are. 

When parallel rays of light pa» 
through a medium bounded 1^ 
planes that are parallel, as throa^ 
a plate of glass, they will continue 
still parallel to one another, and to their original direcdoD, 
after refraction. For this reason, therefore, we see through 
such plates of glass objects in their natui'al positions and 
relation. -• 

The optical prism is a transparent medium, haying 
Tig. S08. plane surfaces inclined to one another. It 
usually a wedge-shaped piece of glass, a (h 
* JP*^. 208, which can be turned into any suita- 
ble position, on a ball and socket-joint, c, and 
is supported on a stand, b. As this instrunaeut 
is of great use in optical researches, we sliaJ 
describe the path of a ray of light through i? 
more minutely. 
Let, therefore, ABC, Fig. 209, be such a glass prisn 
^- *^* seen endwise, and le 

a b he B. ray of ligh 
incident at b. As thi 
ray is passing from 
rarer to a denser m< 
dium it is refracte 
toward the perpendi 
'^^^ ular to an extent di 

pendent on the refractive power of the glass of which tl 
prism is composed, and therefore pursues a new path, 
c, through the glass ; at c it again undergoes refractio 
and now passing frx>m a denser to a rar^me^lium, taki 

What » the case when parallel rays pass through nftldia with plane a 
parallel surfaces ? What is a prism ? Describe the path of a ray of li^ 
through this instrument. 
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The general action of lenses of all kinds may be under- 
Btood after what has been said in relation to the prism, of 
which it was remarked that the refracted ray is bent toward 
the back. Thus, if we have Fig. si3. 

two prisms, a c e, b c e, ^ 

placed back to back, and 
allow parallel rays of light, m_ 
M X, to fall upon them, 

tiiese rays, after refraction, ^r i^ ^>f 

being bent from their par- 
allel path toward the back li 
of each prism, will inter- 
Met each other in some 
point, as /i Now, there is obviously a strong analogy 
hetween the figure of the double convex lens and that of 
these two prisms ; indeed, the former might be regarded 
^ a series of prisms with curved surfaces, and from such 
considei^ation it is clear, that when parallel rays fall on a 
Convex lens, they will converge to a focal point. 

Again, let us suppose that a pair of prisms be placed 
®^ge to edge, as shown in Fig. 214, and that parallel 
^ys, m n, are incident upon them. These rays undergo 
''©fraction, as before, to- ng.tiA. 

^ard the back of their re- 
spective prisms, h c, d €, 
^»id therefore emerge di- 
vergent, as at y and g, 
JJ^ow, there is an analogy 
^tween such a combina- 
tion of prisms and a con- __ 
Cave lens, and we there- ^* 
&re see that the general 
action of such a lens upon 
parallel rays is to make 
them divergent. 

By the aid of the law of refraction it may be proved 
that lenses possess the following properties. 

Eveiy principal ray which falls upon a convex lens of 
limited thickness is transmitted without change of direc- 
tion. ,:■ 

How may the general action of a double convex lens be deduced from 
that of a iwir of prisms ? Trace the uuam action in the case of a double 
lens. 



m 




192 



PmOPERTIBS OP LEirSES. 



Bays parallel to the axis of a double eqtii-convex glass 
lens are brought to a focus at a distance irom the optical 
center equal to the radius of curvature of the lens. But 
if it be a plano-convex glass the focal distance is twice as 
great. The focus for parallel rays is called the principal 
focus. 

Rays diverging from the principal focus of a conyex 
lens after refVaction become parallel. 

Rays diverging from a point in the axis more distant 
than the principal focus converge after refraction, thei'^ 
point of convergence being nearer the lens as the poii*^ 
from which they radiated was more distant. 

Rays coming from a point in the axis nearer than tb^ 
principal focus diverge after refraction. 

With respect to concave lenses, the chief properti^^ 
may be described as follows : — 

Every principal ray passes without change of directioir '^ 




Rays paralM to th 
axis are made diver-*" 
gent Thus, m «, 1^-* 
ure 215, being paral^ 
lei rays falling on the 
double concave, a h, 
diverge aft;er refrac- 
tion in the directions 
g d; and if they be 
produced give rise to 
a virtual or imaginary 
focus at^ 

By concave lenses diverging rays are made still more 
divergent. 

When the effects of lenses are compared with those of 
mirrors, it will be found that there is an analogy in the 
action of concave mirrors and convex lenses, and of con- 
vex mirrors and concave lenses.. 

It has already been remarked that concave mirrors 
give images of external objects in their focus. The same 
holds good for convex lenses. Thus, if we take a convex 
lens, and place behind it, at the proper distance, a paper 
screen, we shall find upon that screen beautiful images of 

What are the chief properties of convex lenses ? What arte the chief 

{troperties of concave lenses 7 What is the rdation between mirrors aind 
enses in their effects 7 
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all the objects in front of the lens in an inverted position. 
The manner in which they form may be understood from 
Fig, 216. Where L' L is a double convex lens, M N 



Fig. 316. 




Mf object, as an arrow, in front of it, the lens will give 
*n inverted image, n wi, of the object at a proper distance 
^hind. From the point M all the rays, as M L, M C, 
«L', after refraction, will converge to a focus, m ; and 
from the point N all rays, as N L, N C, N L', will like- 
^'^ converge to a focus, n ; and so, for every interme- 
oijtte point between M and N, intermediate foci will form 
»*«tween m and », and therefore conjointly give rise to 
•D inverted image. 

The images thus given by lenses or mirrors may be 
'Oftde visible by being received on white screens or on 
waoke rising from a combustible body, or directly by the 
®JS placed in a proper position to receive the rays. They 
^en appear as if suspended in the air, and are spoken of 
88 aenal images. • 

The distance of such images from a lens, and also their 
magnitude, vary with circumstances. 

If the object be very remote, it gives a minute image 
in the focus of the lens ; as it is brought nearer, the im- 
age recedes farther, and becomes larger ; when it is at a 
distance equal to twice the focal distance, the image is 
equidistant from the lens on the opposite side, and is of 
the same size as the object. As the object approaches still 
nearer, the image recedes, and now becomes larger than 
the object. When it reaches the focus, the image is at 
an infinite distance, the refracted rays being parallel to 
one another. And, lastly, when the object comes be- 
tween the focus and the surface of the lens, an erect and 

Do convex lenses give rise to the formation of images ? How does this 
effiBCt arijM ? How may such images, be made visible ? Under what 
circumstances do the size and distance of the image vary 7 

I 
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magnified image of the object wil] appear on the eame 
side of the lens as the object itself. Hence, convex lenses 
are called magnifying-glasses. 

From these considerations, it therefore appears thattbe 






magnifying power of lenses is not, as is often popularlj 
supposed, due to the peculiar nature of the glass O*. 
which they are made, but to the figure of their surfac^^ 
The dimensions of all objects depend on the angles und^^ 
which they are seen. A coin at a distance of 100 yarcJ^ 
appears of very small size, but as it is brought nearer iH^ 
eye its size increases; and when only a few inches oC^^ 
can obstruct the view of large objects. Thus, if A rep^ 
resent its size at a remote distance, the angle D E F, o^ 
the visual angle, is the angle under which it is seen ; when 
brouglit nearer, at B, the angle is G E H ; and at C, in- 
creases to I E K. In all cases the apparent size of an 
object increases as the visual angle increases, and all ob- 
jects become smaller as their distances increase ; and 
any optical contrivances, either of lenses or mirrors, which 
can alter the angle at which rays enter the eye and make 
it larger than it would otherwise be, magnify the objects 
seen through them. 

On these principles concave mirrors and convex 
lenses magnify, and convex mirrors and concave lenses 
mmify. 

From their property of converging parallel rays to a fo- 
cus, convex lenses and concave mirrors have an interesting 
application, being used for the production of high temper- 
atures, by converging the rays of the sun. Fig, 218 repre- 
sents such a buniing-glass. The parallel rays of the sun 

Why iir» convex lenses magnifying-glasses 7 On what does this mag- 
hifyinjT action depend 7 What is the visual angle of an object f 




COLOBUI LtORT. 

tUSiag on it are made to con- 
TNge, and tbis convei^Dce 
■nigfat bo increased by a eec- 
ond BDisller lens. At the 
Gkb) point any small object 
being exposed its tempera- 
tnrs is instantly raised. In 
Mchsfocuetherearefefrsub- 
utDcee that can withetaad the 
lieat— brick, slate, and other 
luch earthy matter iostaotly 
Mi, metals melt, and e 

»olitiliie away. During 

jw century some French chemists, uaini» one of these 
»utniment8, found that when a piece of silver is hold 
*>% gold, fueeJ at the focus, it bscanie gilded over by 
"> npoT that rose from the melted mass. And in the 
'*'na way gold could be whitened by the vapors of melt- 
*^ silTer. The heat attained in this way far exceeds that 
"tile best constructed furnace. 



LECTURE XL. 

Or CoLOKBD LionT. — Action of the Prism. — Refraction 
and Ditpertio*. — The Solar Spectrum. — Its Constituent 
Rayi. — Thtg pre-exist in White Light. — Theory of the 
Different Refrangibility of the Rays of Light.— Differ- 
ent Dispertive Powers. — Irrationality of Dupertion. — 
IHuminating EffecU. — The Fixed Lines. — Caloric 
Effictt. — Chemical Effects. 

Iif speaking of the action of a priam, in Lect. XXXVItL, 
it was observed, that it gives rise to many interesting 
results connected with colored lights. These, which con- 
■titute one of the most splendid discoveries of Newton, I 
next proceed to explain. 

Through an aperture, a, F<^.219, in the shuner of a dark 
itKHD let s beam of light, a e, enter, and let it be inter- 
cepted at some part of its course by a glass prism, seen 

■Wb«l ii ■ barnini glut T Why iloei it gi»a ri» to the produclion of 
an lounu heat t HeDtiun aoma of the eSecU vhich hite been obtained 
DoKiiba tba tclicD of * pridn on m ray of light 
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^^H endwise at b c. The light will undergo refraction, 

^^H F<g.m. '" consequence of what lisH been 

^^H II ready stated, wilt pass in a direcl 

^^H I i2, toward the back of the prism. 

^^H I I Now, for any thing that has 

^^^P %:>|a '^r '^^^° said, it might appear that 

^^^ I^V^^^^^^^^"^ — tefi-acted ray, on reaching the bc 

I *^^^^;;-^ ^ e, would form upon it a white 

I ^^*^ eimilar to that which it would 

I given at e, had not the prism i 

»'l vened. But when the experime 
made, instead of the light going as a single pencil of 
fonn width, it spreads out into a fan shape, as is intlit 
-by the dotted lines, and forms on the screen an ot 
image of the most splendid colors. 
In this beautiful result, two facts, which are w 
distinct, must be remarked ; let, the light ia refr 
or bent out of its rectilinear path ; 2d, it is dispencii 
an oblong colored figure. 

On examining this figure ov image, which passes k 

the name of the solar specti-um, we find it divided 

1^^ seven well-marked regions. Its lowest portion, that 

^^^ say, the part nearest to that to which the light would 

^^H gone had not the prism intei-vened, is of a red coloi 



tnost distant is of a vlulet, and between these other c 
may be seen occurriog in the following order : — 



tndiga. 



It 

I 



In Fig. 220, the order in which they oec 
ndicated by their initial letters, e being the 
o which the light would have gone had no 
I prism interveaed. 

Now, from what source do these splendid c 
mine ? Newton proved that they pre-exist 
I the while light, which, in reality, is made i 
I them all taken in proper proportions. 

here are fnany ways in «'hich this impc 
truth can be established. Thus, if we take a se 

the refracted Ughl while ' Whst two general facte are to be c 
What color is the lowest portion of the spectrum T What 
r oF [lie highSBt. What is Ilia order of the colors ? 
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Fig. 221, 







prim, B B' S', Fig. 
221, and put it in an in- 
verted position, as re- 
Bpects the first, A A' S, 
so that it shall refract 
again in the opposite 
direction the rays re- 
fracted by the first, 
they will, after this 

86coDd refraction, reunite and form a uniform beam, M, 
of white light, in all respects like the original beam itself. 

If the production of color were due to any irregular 
action of the faces of the first prism, the introduction of 
two more faces in the second prism would only tend to 
increaae the coloration. But so far from this, no sooner 
18 this second prism introduced than the rays reunite and 
"Bcompose white light. It follows as an inevitable conse- 
quence that white light contains all the seven rays, 

But Newton was not satisfied with this. He further 
collected the prismatic colored rays together into one 
™CU8 by means of a lens, and found that they produced 

• "pot of dazzling whiteness. And when he took seven 
P^'i^ders, of colors corresponding to the prismatic rays, 
and ground them intimately together in a mortar, he 
foun^j jIjj^i- jjjg resulting powder had a whitish aspect ; or 

* ^0 the surface of a wheel which could be made to spin 
'^'^nd very fast on its axis, colored spaces were painted, 

^^U the wheel was made to turn so that the eye could 
^ longer distinguish the separate tints, the whole as- 
^ed a whitish-gray appearance. 

•^y many experiments Newton proved that the true 

-^%e of this development of brilliant colors from a ray 

, "White light by the prism, is due to the fact that that in- 

^ment does not refract all the colors alike. Thus, it 

j^ ^ Id be completely shown, in the case of any transparent 

ji^^^ium, that the violet-ray was far more refrangible than 

"^ red, or more disturbed by such a medium from its 

y ^ Vjrse. In this originated the doctrine of " the different 

^rangibility of the rays of light.** 

^g^ J^ow nay it be proved by two prisms that all these colors pre-exist in 
|^,^^ite light ? What may be proved by reuniting the rays by a lens ? What 
v^, colored powders or a painted wheel? What is the cause of this de- 
^lopmcnt of colors? 
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On examining ihe order of colors in the apectnim, W^ 
find, in reality, as in Fig. 230, that the red is least (lis' 
turbed from its course, and the other colors follow in » 
fixed order. Tho red, therefore, is spoken af as the least 
refrangible ray, the violet as the most, and the other col- 
ore as intermediately refrangible. 

"We now see the cause of the development of these col- 
ore fn)m white light, which contains lliem all. If the 
prism acted on every ray alike, it would merely produce 
u white spot at d, analogous to that at e. Fig. 220, but as 
it acta unequally it eeparatea the colored rays from one 
another, and gives rise to the spectrum. 

On examining prisma of different transparent media, we 
find that they act very differently — some dispersing the 
rays far more powerfully than others and giving rise, un- 
der the same circumstances, to spectra of very different 
lengths. In the treatises on optics, lablea of the disper- 
sive powers of different transparent bodies are given i 
thus It appears that oil of cassia is inoro dispersive than 
rock-salt, rock-saic more than, water, and water more than 

Moreover, in many instances it has been found that if 
we use different prisma which give spectra of equal lengths, 
the colored spaces are unequally spread out. This shows 
that media differ in their refracting action upon particu- 
lar rays, some acting upon one color more powerfully 
than another. This is called irrationality of dispersion. 

The different colored rays of light are not equally lu- 
minous — that is tu say, do not impress our eyes with an 
equal brilliancy. If a piece of finely-printed paper be 
placed in the spectrum, we can read the letters at a much 
greater distance in the yellow than in the other regions, 
and from this the light declines on either hand, and grad- 
ually fades away in the violet and the red. 

It has also been found that the colors are not continu- 
ous throughout, but that when delicate means of examina- 
tion are resorted to the spectrum is seen to be crossed with 
many hundreds of dark lines, irregularly scattered through 
it. A representation of some of the larger of these is 

To wbat doctrine did this discovery i^ii; line '. Do diflerent media dis- 
perse lo the siDie or diiferent eilenlH ? What is mean!: by irrBlion»1ily 
Df diBpernoa ? Are all the rays equaJI; lununous lo [he eye 1 How may 



FIXED LINES. 169 

pKa in Fig. 322. It is curious that though they exist in 
rtesun-light, and in that of the planets, they are ng-saa. 
m found in the spectra of ordinary artificial 
_ite; and, indeed, tlie electric spark givesaligbt 
tttiichis crossed by brilliant litiea instead of black 
ones. The chief fixed linea are designated by the 
tellers of the alphabet, as shown in the figure. 

The light of tlie sun is accompanied by heat. 
Or. Herschel found that the different colored pris- 
tnatie spaces possess very different power over 
the thermometer. The heat is least in the violet, 
and continually increases as we descend through 
the colors, the red being the hottest of them ^1. 
But below this, and out of the spectrum, when 
tbere is no light at all, the maximum of heat 
found. The heal of the sunbeam is, therefoi-e, r 
fHngible, but is less refrangible than the red ray 
of light. 

Late discoveries have shown that every ray of light can 
produce specific changes in compound bodies. Thus 
It is the yellow ray which controls the growth of plants, 
and makes their leares turn green; the blue ray which 
brings abftut a peculiar decomposition of the iodides and 
chlorides of silver, bodies which are used in photogenic 
drawing. Those substances which phosphoresce after ex- 
posure to the sun are differently affected by the different 
rays— the more refrangible producing their glow, and the 
lesa extinguishing them. 

w ihe fixed lines of the i 
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B, Fig. 226, and be coDverged by it to a focus in tbe poin^ 
r, the distance of which from the lens is measured. Then 




let parallel rays of violet light, in like manner, fall on 
the lens, and be conye]:;ged by it to a focus, v. On being 
measured, it will be found that this focus is much nearer 
the lens than the other; and the cause of it is plainly 
due to the unequal refrangibiliry of the two kinds of light. 
The violet is the more refrangible, and is, therefore, more 
powerfully acted on by the lens, and made to converge 
more rapidly. 

But this which we have been tracing in the case of ho* 
mogeneous rays must of course take place in the com- 
pound white light. On the same principle that the prism 
separates the white light into its constituent rays by act- 
ing unequally on them, so, too^ will the lens. Pai*allel 
rays of white light falling on a lens, such as Fig. 226, are 
not, therefore, converged to one common focus, as repre- 
sented in Lecture XXXIX, but in reality give rise to a 
series of foci of different colors, the red being the most 
remote from the lens, and the violet nearest. 

In some of the most important optical instruments it is 
absolutely necessary that this defect should be avoided, 
and that a method^ should be hit upon by which light 
may be refracted without being dispersed. Newton, who 
believed that it was impossible to succeed with this, gave 
up the improvement of the refracting telescope, in which 
it is required that images should be formed without chro- 
matic dispersion, as hopeless. But, subsequently, it was 
shown that refraction without dispersion can be effected. 
This is done by employing two bodies having equal re- 
fractive, but unequal dispersi ve powers. Those which 

What is tbe efiect of a plano-convex lens on parallel rays of red and blue 
light, nspectivaly 7 What is the effect on white light ? 
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■n cmnmonly Belected are crown am] fiint ^lass, wfaich 
log about 
of good 



i refract nearly equally. The index for 

I 153, and that of flint 160; but the dispei 

f Bint glass ia twice tbat of crown. 

H now, we take two priam^i ABC, 
F^. 227, being of crown, and A C P, of 
flint glass, and place them, with tbeir bases 
in opposite ways, the rcA^cting angle, C, ' 
of the latter being Aalf thai of A, the 
former, or, in othar worJs, adjusted to o' 
their relative d"pereive powers, it will be Ai 
of light paaseB through the compound piiBm, I 
fraction, «fld emerging without diapersion ; for the incident 
ray, in it" passage through the crown prism will be dis- 
persed into ihe colored rays, and these, falling on the 
flfol prisin — the dispersive power of which we assumo to 
be double, and acting in the opposite direction — will be ro- 
Iracled in the opposite direction, and emerge uodispersed. 
Such an instrument is called an achtomatic 

The same principle can, of couise, be 
used in the construction of lenses, between 
wbich and prisms there is that general 
analogy heretofore spoiten of! The achro- 
matic lens consists of a concave lens of 
flint and a convex one of crown, the cur- 
vatures of each being adjusted on the same 
principle as the angles of the achi 

prism are determined. Such 

tDsnt is represented in Fig. 




in its focus the images of obj 

their na " ' 

ftinges. 



their natural colors, and t 
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[evoid of ^f-^'zi 



But in practice, it has been found impossible, by any 
Buch arrangement, to effect the total destruction of color. 
The edges of luminous bodies seen through such lenses 
are fringed with color to a slight extent. This arises 
from the circumstance that the dispersive powers of the 
media employed are not the same for every colored ray. 
The simple achromatic lens, Fig. 228, will collect the ex- 
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treme rays together; but leaves the interraediafe ones, 
to a sraall extent, outstanding. 

The theory of the compound constitution of light ena- 
bles us to account, in a clear manner, for the colors of 
natural objects. Those which exhibit themselves to us 
as white merely reflect back to the eye the white light 
which falls on them, and the black ones absorb all the in- 
cident rays. The general reason of coloration is, there- 
fore, the absorption of one or othei tint, and the reflec- 
tion of the rest of the spectral colors. Thus, an object 
looks blue because it reflects the blue rays niore copiously 
than any others, absorbing the greater pan of the rest. 
And the same explanation applies to red or yellow, and, 
indeed, to any compound colors, such as orange, <^een, 
&c. That colored bodies do, in this way, reflect one class 
of rays more copiously than others may be proved by 
placing them in the spectrum. Thus, a red w;ifer seems 
of a dusky tint in the blue or violet regions, but of a brill- 
iant red in the red riys. 

On the same principles we account for the singular re- 
sults which arise when monochromatic lights fall on sur- 
faces of any kind. Thus, when spirits of wine is mixed 
with salt in a plate, and set on Are, the flame is a mono- 
chromatic yellow — that is, a yellow unaccompanied by 
any other ray. If the variously colored objects in a room 
are illuminated with such a light they assume an extraor- 
dinary appearance : the human countenance, for exam- 
ple, taking on a ghastly and death-like aspect ; the red of 
the lips and the cheeks is no longer red, for no red light 
falls on it ; it therefore assumes a grayish tint. 

The colors of transparent bodies, such as stained glass 
and colored solutions, arise from the absorption of one 
class of rays and the transmission of the rest. Thus, 
there are red glasses and red solutions which permit the 
red ray alone to traverse them, and totally extinguish 
every other. But, in most cases, the colors of transpa- 
rent, and also of opaque bodies, are far from being mono- 
chromatic. They consist, in reality, of a great number 



How may the colors of natural objects be accounted for? What is the 
cause of whiteness and blackness? How can it be proved that bodies re- 
flect some rays in preference to others ? What is monochromatic light ? 
What is the cause of the singular appearance of objects seen by such 
lights ? What is the cause of the colors of tmiapttreiit bodies 7 
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of different rays. Thus, common blue-stained glass trans- 
mits almost all the blue light that falls upon it, and, in ad- 
dition, a little yellow and red. 



LECTURE XLII. 

Undulatort Theory op Light. — Two TJteorics of LigJiL 
^-"Applications of the Corpuscular Theory, — JJndulatory 
Theory, — JLength of Waves is the cause of Color, — De- 
termination of Periods of Vibration. — Interference of 
Light, — Explanations of Newton's Rings, and Colors of 
thin Plates. — Diffraction of Light, 

It has been stated that there are two different theories 
respecting the nature of light — the corpuscular and the 
undulatory. In accounting for the facts in relation to the 
production of colors, it is assumed that, in the former, 
there are various particles of luminous matter answering 
to the various colors of the rays, and which, either alone 
or by their admixture, give rise to the different tints we 
see. In white light they all exist, and are separated 
from one another by the prism, because of an attractive 
force which such a transparent body exerts ; and that at- 
tractive force being unequal for the different color-giving 
particles, difference of refrangibility results. The colors of 
natural objects on this theory are explained by supposing 
that some of the color-giving particles are reflected or 
transmitted, and others stifled or stopped by the body on 
which they fall. The phenomena of reflection by pol- 
ished surfaces are therefore reduced to the impact of 
elastic bodies ; and in the same way that a ball is repel- 
led from a wall against which it is thrown, so these little 
particles are repelled, making their angle of reflexi(m 
equal to their angle of incidence. But while there are 
many of the phenomena of light, such as reflexion, re- 
fraction, dispersion, and coloration, which can be ac- 
counted for on these principles, there are others which 

What are the two theories of light ? What is the nature of the corpuscu- 
lar theory ? On its principles what is the constitution of white light ? How 
does it accoant for difference of refrangibility and the colors of natural 
objects ? How does it account for the phenomena of reflexion 7 
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fare, however, explaiiied in a ^issple and beautiful maDO^ 



le emanation or corpu«cuiar theory caiscot meet. Tbe^ 



by the other theory. 

The uTjdulator}' theory- rests cp-^i-n the fact that ther^^ 
exists throughout the ui:iver5e an elastic medium calles 
THE ETHER, in which vibratory movements can be estab- 
lished very much after the manner that sounds arise in 
the air. Whatever, therefore, has been said in Lectures 
XXXI, &c., respecting the mechanism and general princi- 
ples of undulatory movements applies here. Waves in 
the ether arc reflected, and made to converge or di- 
verge on the same principles that analogous results take 
place for waves upon water or sounds in the air. It will 
navo been obser^'ed already that the reflexions of undu- 
lations from plane, spherical, elliptic, or parabolic sur- 
facGH, as given in Lecture XXXII, are identically the 
Bamo as those which we have described for ligbt in Leo* 
turc XXXVII. 

From the phenomena of sound we can draw analogies 
which illustrate in a beautiful manner the phenomena of 
light : for, as the different notes of the gamut arise from 
undulations of greater or less frequency, so do the colors 
of light arise from similar modifications in the vibrations 
of tho ether. Those vibrations that are most rapid im- 
]>rcHH our cyos with tho sensation of violet, and those tbac 
arc slower with the sensation of red. The different col- 
ors of light are, therefore, analogous to the different notes 
of sound. 

Ill Locturo XXXIII it was shown how the frequency of 
vibration whicii could give rise to any musical note might 
bt< dt'termiiied, and it appeared that the ear could detect 
vihnitious, as sound through a range commencing with 15 
iiiiil roachin«r as far as 48,000 in a second. The frequen- 
cy nf vibnitioii in tho ether required for the production 
<»f any color has also been determined, and the lengths of 
the waves corresponding. The following table gives these 
ruHults. Tho inch being supposed to be divided into ten 
niillionrt *if ecjual parts, oi those parts the wave lengths 
are : — 



On wk»t does the undulatory theory rest? Do the general laws of undu- 
Utions apply to the phenomena of light? What analogy is there be- 
tween nound and light? How do the colors of light compare, with the 
notes of sound f 



•> 



;>.- . 



TIMES OF VIBBATION. 207 



Red light 


256 


Orange " 


240 


yellow " 


227 


Green " 


211 


Blue " 


196 


Indigo " 


185 


Violet " 


174 



More recent investigations have proved the remarkable 

^ct that the length of the most refrangible violet wave 

^eiog taken as one, that of the least refrangible red will be 

equal to two, and the most brilliant part of the yellow 

one and a half. 

Knowing the length of a wave in the ether required for 
the production of any particular color of light, and the 
rate of propagation through the ether, which is 195,000 
miles in a second, we obtain the number of vibrations ex- 
ecuted in one second, by dividing the latter by the former. 
From this it appears that if a single second of time be 
divided into one million of equal parts, a wave of red light 
vibrates 458 millions of times in that short interval, and 
a wave of violet light 727 millions of times. 

Further, whatever has been said in Lectures XXXI 
XXXII, in reference to the interference of waves, must 
necessarily, on this theory, apply to light. Indeed, it was 
the beautiful manner in which some of the most incom- 
prehensible facts in optics were thus explained, that has 
led to its almost universal adoption in modern times. 
That light added to light should produce darkness, seems 
to be entirely beyond explanation on the corpuscular 
theory ; but it is as direct a consequence of the undula- 
tory, as that sound added to sound may produce silence. 
From a lucid point, p, Fig, 229, let rays of light fall 
npon a double prism, m n, the angle of which, at C, is 
very obtuse. From what has been said respecting the 
muhiplying-glass (Lecture XXXVIII),'it appears that an 
eye applied at a would see the point p double, as at p' 
and j/'. Between these images there is also perceived a 
number of bright and dark lines perpendicular to a line 
joining p^ and p'\ On covering one half the prism the 
lines disappear, and only one image is seen. 

What relation of wave length exists between the least, the intermediate, 
and the most refrangible rays t How may the frequency of vibrations be 
determined from the wave length ? What is that frequency in the case of 
red and violet light? Does interference of luminous waves take place? 
How is this exhibited by the double prism, Fig. 239 ? 
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ThU alternation of ligtl aod darkness is caused bj 
ethereal waves from the points p' and p*' crossing; one 
other, and giving rise to interference. If, therefore,' 
Fir- MO. 




those points as centers, we draw circular arci>, 0, 1, 2, 
?, 4, &c., these may reprosent waves, the alternate linos 



It will be perceived 
1 or two half waves en- 
each other's effect ; but 
t points where the vibra- 
interference, and, there- 
lults, as is marked in the 



between them being half v 
t wherever two whole w. 
er, they mutually ini 
if the intersection takes plac 
tions are in opposite directii 
fore, a total absence of light r 
figuie by the largo dots. 

"" , therelbre, rays of light are arranged so 

; another in opposite phases of vi- 
3 takes place. Thus, if we take a 
mvex lens, of very long focus, and 

-•■ a flat glass by means of 

230, at the point of con- 
a inspect the instrument 
I by reflected light a black spot wiTl be 
leen, surrounded alternately by light 
md dark rings. These pass under the 
name of Newton's colored rings. When the light is ho- 
mogeneous the dark rings are black, and the colored ones 
of the tint which is employed, but whei 
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wbite light the central black spot is surrounded by a se- 
^68 of colors. When the instrument is inspected by 
^^^smitted light, the colors are all complementary, and 
^oe central spot is of course white. These rings arise 
from the interference of the rays reflected from the ante- 
"or and posterior boundaries between the two glasses. 
^^G colors of soap-bubbles and thin plates of gypsum, 
^^ referable to the same cause. 

^y the diffraction of light is meant its deviation from 
™® rectilinear path, as it passes by the edges of bodies or 
Fig.szi. through apertures. It arises from 

the circumstance that when ethereal, 
or, indeed, any kind of waves im- 
pinge on a solid body, they give rise 
to new undulations, originating at the 
place of impact, and often producing 
mterference. Thus, if a diverging 
beam of light passes through an ap- 
erture, a b. Fig. 231, in a plate of 
metal an eye placed beyond will dis- 
c^er a series of light and dark fringes. The cause of 
these has been already explained in Lecture XXXII., in 
which it was shown that from the points a and h new 
systems of undulations arise, which interfere with one an- 
other, and also with the original waves. 

What is the cause of them ? What is the cause of the colors of soap- 
bobbles and their films generally 7 What is meant by the diffraction of 
light? 
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LfiCTURE LXIII. 

Op Polarized Light. — Peculiarity of Polarized LigJttr 
Illustrated by the Tourmaline, — Polarization by Rtjlex^-^' 
ion. — General Law of Polarization, — Positions of no ^ 
Reflexion. — Plane of Polarization. — Polarization by ^ 
Refraction. — Application of the Undulatory Theory. — " 
The Polariscope, 

When a ray of common light is allowed to fall on the 
surface of a piece of glass it can be equally reflected by 
the glass upward, downward, or laterally. 

If such a ray falls upon a glass plate at an angle of 
56^, and is received upon a second similar plate at a sim- 
ilar angle, it will be found to have obtained new proper- 
ties : in some positions it can be reflected as before, in 
others it cannot. On examination, it is discovered that 
these positions are at right angles to one another. 
Again : if a ray of light be caused to pass through a 
Fv.833. plate of tourmaline, c d, Fig, 

232, in the direction a b^ and 
be received upon a second plate, 
placed symmetrically with the 
first, it passes through both with- 
out difficulty. But if the second 
plate be turned a quarter round, as at g h, the light is 
totally cut off. 

Cnnsideiing these results, it therefore appeal's that we 
can impress upon a ray of light new properties by cer- 
tain processes, and that the peculiarity consists in giving 
it different properties on different sides. Such a i*ay, 
therefore, is spoken of as a ray of polarized light. 

When light is polarized by reflexion, the effect is only 
completely produced at a certain angle of incidence, 
which therefore passes under the name of the angle of 




What is observed in the reflexion of ordinary light T What occurs 
v/hen light which has already been reflected at 56° is attempted to be re- 
flected again ? Describe the action of a tourmaline. What is meant by 
polarized light ? Under what circumstances does maximum polarization 
take place f 
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niaxitxium polarization. It takes place when the reflected 
ray snakes, with the refracted ray, an angle of 90°. 

Fig. 233. 




^^^, let A B, Fig, 233. be a plate of glass, ah zxi inci- 
dent ray, which, at i, is partly reflected along h c and 
Partly refracted along h <?, emerging therefrom at e d, 
Now, maximum polarization ensues when c & e is a 
right angle, from whicl^ il follows that the polarizing 
power is connected with, the refractive, the law being 
that " the index of refractioti is the tangent of the angle 
of polarization." 
Let A B, Fig, 234, be a plate of glass, on which a 
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ray of light, a b, 
&lls, and after po- 
larization is reflect- 
ed plough c; ate let 
it be received on a a 
second plate, O D, 
similar to the for- 
mer, and capable 
of revolving on c &, 
as it were on an 
axis. Let us now 
examine in what 
positions of this 
plate the polarized ray, b c, can be reflected, and in what 
It cannot. 

What is the law connectinfir refraction and polarization T What are the 
lelative pooitioDs of the refecting plate* when the ray cannot be re- 
jected? 
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Fi^. 235. 







Expenraent at once shows that when the plane of re- 
flexion of the first mirror coincides with the plane of re- 
flexion of the second, 
the polarized ray un- 
dergoes reflexion ; — 
but if they are at light 
angles to one another, 
it is no longer reflect- 
ed. To make this 
clear, let a b, Fig. 235, 
be the first mirror, and 
c d the second, so ar- 
#l^nged as to present 
^ their edges, as seen 
depicted on this page. 
Again : let cf be the 
^ • first and g h the sec- 
, ond, now turned half 
way round, but still 
presenting its edge, in 
both those positions, 
thejplanes of incidence 
and reflexion of both 
the mirrors coincid- 
ing, the ray polarized 
by a 5 or efwiXi be reflected. But if, as in i k^ the sec- 
ond mirror, Z, is turned so as to present its face, or, as 
in m n, it is turned at o, so as to present its back, in 
these cases, the planes of incidence and reflexion of the 
two mirrors being at right angles, the polarized ray can 
no longer be reflected. We have, therefore, two posi- 
tions in which reflexion is possible, and two in which it 
is impossible, and these are at right angles to one 
another. By the plane of polarization we mean the piano 
in which the ray can be completely reflected from the 
second mirror. 

When a ray of light falls on the surface of a transparent 
medium, it is divided into two portions, as has already 
been said, one of these being reflected and the other re- 
fracted. On examination, both these rays are found to 
be polarized, but they are polarized in opposite ways, or 

What is the plane of polarization 7 In the case of a transparent me- 
dium, what is the relation oetween the reflected and refracted raysT 
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ratber the plane of polarization of the refracted is at 
right angles to the plane of polaiization of tiie reflect- 
ed ray. 

When it is required to polarize light by refraction a 
pile of several plates of thin glass is used, for polaiization 
from a single surface is incomplete. 

On the undulatory theory we can give a very clear 
account of all these phenomena. Common light origi- 
nates in vibratory movements taking place in the ether ; 
but it differs from the vibrations in the air which consti- 
tute sound in this essential particular that, while in the 
waves of sound the movements of the vibrating particles 
lie in the course of the ray, in the case of light they are 
transverse to it. This may be made plain by considering 
the wave-like motions into which a cord may be thrown 
by shaking it at one end, the movement being in the 
up-and-down or in the lateral direction, while the wave 
runs sti'aight onward. The ethereal particles, therefore, 
vibrate transversely to the course of the ray. But then 
there are an infinite number of directions in which these 
transverse vibrations may be made : a cord may be shaken 
vertically or laterally, or in an infinite number of inter- 
mediate angular positions, all of which are transverse to 
its length. 

Common light, therefore, arises in ethereal vibrations, 
taking place in every possible direction transverse to the 
path of the ray ; but in polarized light the vibrations are 
all in one plane. Thus, in the case of the tourmaline, 
when a ray passes through it all the vibrations are taking 
place in one direction, and therefore the ray can pass 
through a second plate placed symmetrically with the 
first ; but if the second be turned a ^. ^^^ 

quarter round the vibrations can no 
longer pass, just in the same way that^ 
a sheet of paper, c d, may be slipped 
through a grating, a b, while its plane 
coincides with the length of the bars; 
but can no longer go through when it is 
turned as at ej, a quarter round. 

How is light'to be polarized by refraction ? What is light accordhig to 
the undulatory theory? In what directions are the vibrations made? 
How may this be illustrated by a cord ? In what directions are the vibra- 
tionc of polai^ted light ? How is this illustrated in Fig. 236 ? 
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enduatcd circle h. A; ihe otLer erA of ihe tube there 
■ a second mirror of black giai'S, «;, which, like a, can be 
Bnranged at anj required angle, and likewise iiimed 
round CD the axis of the brass tube, A £, the amoui;t of 
iu rotation being ascertained by the divided circle, c, 
^^ Sometimes instead of this mirror of black elass, a bundle 
of glass plates in a suitable frame i« used^ The instru- 
mcDt is supported on a pillar, C. 

The fundamental property of light polarized by re- 
flexion maybe eidiibited by this instrument as follows : — 
Set its two mirrors, a and d, so as to receive the lisjht 
^bichfidiS on them at an angle of 56^. Then, when the 
^nt| 0, makes its reflexion in a vertical plane, the light 
^n be reflected by d also in a vertical plane, upward or 
^ov\rDward. But if d be turned round 90^, so as to 
■ttempt to reflect the ray to the right or left in a hori- 
zontal plane, it will be found to be impossible, the light 
"^oming extinct and in intermediate positions; as the 
'^'^nw levolveB the light is of intermediate intensity. 



LECTURE XLIV. 

■^ Double Refraction and the Production op Col- 
ors IN Polarized Light. — Double Refraction of Ice- 
land Sparl — Axis of the Crystal, — Crystals with two 
Axes. ^^ Production of Colors in Polarized Light, — 
Complementary Colors Produced, — Colors Depend on 
the Thickness of the Film. — Symmetrical Rings and 
Crosses. — Colors Produced by Heat and Pressure. — 
Circular and Elliptical Polarization. 

Bt doable refraction we mean a property possessed by 
Certain crystals, such as Iceland spar, of dividing a single 
^^cident ray into two emergent ones. Thus, let R r be a 
^y of light falling on a rhomboid of Iceland spar, ABC 
^, in the point r, it will be divided during its passage 
through the crystals into two rays, r E, r O, the latter of 

How may this instrument be used to exhibit light polarized by rcflexiun ? 
What is meant by double refraction? Describe the phenomena exhibited 
by a crystal of Iceland, spar. 
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Pig.UO. 




Fig. 841. 



which follows the otS 
^ nary law of refractidi 
and therefore takes tk 
name of the ordinary ra^ 
the former follows a dL 
ferent law and is spok 
of as the eztraordinar 
ray. 
— N Through such a crys 
tal objects appear double 
A line, M N, on a piece c 
paper viewed through it is exhibited as two lines, M N,i 
n, the amount of separation depending on the thicknec 
of the crystal. The emergent rays E e, O o, are paralh 
after they leave the surface X. 

A line drawn through the crystal froi 
^ one of its obtuse angles to the other ; 
called the axis of the crystal, and if art 
ficial planes be ground and polished i 
n nit o Pf perpendicular to this axis, a < 
Fig. 241, rays of light falling upon th 
axis or parallel to it do not underg 
double refraction. 

Fig. 242. Or, if new faces, o p, n m^ Fig, 241 

be ground and polished parallel to tli 
axis a &, a ray falling in the direction d^ 
also remains single. 

But if the refracting faces are nelthi 
at right angles nor parallel to the axi 
double refraction always ensues. 
While Iceland spar has only one axis of double refra< 
tion, there are other crystals, such as mica, topaz, gypsun 
&c., that have two. In crystals that have out one ax 
there are differences. In some the extraordinai*y ray 
inclined from the axis in others toward it when compare 
with the ordinary ray. The former are called negatit 
crystals, the latter positive. 

The explanation which the undulatory theory gives o 
this phenomenon in crystals having a principal axis i 
that the ether existing in the crystal is not equally elasti 

What is the axis of the crystal ? In what cases does an incident ray im 
undergo double refraction 7 What crystals have two axes of double refill 
tion? What are negative crystals T What are positive onetf 
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nereiy directioD. Undulations are therefore propagated 
nequally, and a division of the ray takes place, those 
Aodulations which move quickest having the less index of 
nfrection. 

Wben the tv^o rays emerging from a rhomb of Iceland 
•par are examined, they are both found to consist of light 
totally polarized p the one being polarized at right angles 
to tbe other. 

We have, therefore, several different ways in which 
ligbt can be polarized — by reflexion, refraction, absorp- 
ti<>D, and douole refraction. 

When a crystal of Iceland spar is ground to a prismatic 

sliBpe, and then achromatized by a prism of glass, it forms 

one of the most valuable pieces of polarizing apparatus 

' ^at we have. Such a pnsm may be used to very great 

advantage instead of the mirror of the apparatus, Fig, 239. 

If a ray of polarized light is passed through a thin 
phte of certain crystalized bodies, such as mica or gyp- 
'QRii and the light then viewed through an achromatic 
prism or by reflexion from the second mirror of the 
polarizing machine, Fig, 239, brilliant colors are at once 

Fig.94A, 





jr^b 



J^^eloped. Thus, let R A be a ray of light incident on 
r^^ first mirror of the polariscope, A C the resulting 
polarized ray, and D E F G be a thin plate of gypsum 
^ mica. If, previous to the introduction of this plate, 
^^ two mirrors A and C be crossed, or at ri^ht angles to 
^^e another, the eye placed at E will perceive no light ; 

^ What is the explanation of doable refraction on the undulatory theory ? 
^btt it the cofiditioo otf the emergent rays? In what ways may hght 
•• polariied 7 Under what cixcumstances are colors developed by polar- 
W light T 

iv 
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bul, on the introduction of the crystal, its surface appe^«, 
lu be covered with brilliant colors, which change th^ft"' 
tints according as it is iaclined, or as the ligbt psss^W 
through thicker or thinner places. On further examinatic»n ^ 
it will be found that there ore two lines, D E and F *^< . 
which, when either of ihera is parallel or perpendipal^f 1 
to the plane of polarization, R A C or A C E, no colo^* 1 
are produced. But if the plate be turned round in iM | 
own plane a single color appeara, which becomea mo** 
brilliant when either of the linos a h,c d, inclined 45°, *** 
the former ones are brought into the plane of polaiizalii »"**• 
The former lines are called the neutral, and the latter tt*^ 
depolarizing axes of the film. 

This is what lakes place so long as we suppose the iv*^" 
mirrors, A C, fixed ; hut if we make the mirror nearer ** 
to the eye revolve while the film is stationary, the ph ^^ 
nomena are different. Let the film he of such athickne^J 
as to give a red tint, and be fixed in such a position ^^3 
to give its maximum coloration, and the eye-mirror lor^*5 
volve, it will he found that the brilliancy of the color d^*5 
clines, and it disappears when a revolution of 46° hF^H 
been acLorophshed and now a pale gteen appears, whi^^*^ 
increases in bnlliancy until 90° are reached, when it is ^^" 
a maximum Stili continuing the revolution, it becotn^^' 
pakr, and at 135" it has ceaaed and a red blush co n- ^ 
mences which reaches its maximum at ISC^ ; and th -^ 
same system of changes la run thiough in passing fron::^ 
180' to ZbO° so that while the film revolves only on-^ 
color 13 seen but as the mirroi leioUes two appear. 

If, instead of using a mitior we use an achromatizes 
pnsm, we have two im — 
ages of the film at ih^* 
same time, and we fini^' 
that they exhibit comple— ^ 
mentary colors — that i»^ 
colors of such a tinttha^ 
it they he mixed logeth- — 
er they produce whit^ 
light This effect is rep- 
resented in Fig. 244. 

"'L"'^^*=f"'^ '■''"' WhatsreUidepoljriiinBBiMf i 
ivben thahlm n Malionsiy and the mirror revolve* T I 
m of ilie two reauUing colon lOBBcholbeif 1 
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If tranapareDt o on cry at aliped bodioi 
these expeiimeDts, no colors wbate> 
Tir-ta. 
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I perceived. 
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Thus, a plate of glass placed in the polariscope, giTer^a« 
rise 111 no such development; but if the Btructure of th^^ 
glass be disturbed, either by warming it or cooling it u™ — 
equally, or if it be Bubjectod to unequal pressure froic* 
screws, tben colors are at once developed. This pi'oper— 
ty may, however, be rendered permanent in giaas, by beat- 
ing it until it beconies soft and then cooling it with rap- 
All the phenomena here described belong to the diri- 
non of plane polarization — but there are other modifica- 
tions which can be impressed on light, giving rise to very 
remarliable and intricate results : these axe de^gnatea 
circular, elliptical, fcc, polarization. The mechanism of 
IS impressed on the ether to prodace these re- 
it difficult to comprehend ; for common light, as 



has been 

ecrrg di 



id, o 
vibrations ii 



ly polarized light, and if 



What motlilicai 



1 vibrations taking place i' 
a the ray ; plane polarized light 
te direction only : and when the 
1 circles they originate circular- 
n ellipses, elliptical. 

ned or cooled, or aubJBCletl lo unequBi 
iow mxy these eflecti be mwls penna- 
olher givea rise lu pliDe paltnntun f 
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LECTURE XLV. 

K"ATnuL Optical Phenomena. — TAeRainhoir. — Oyr^di- 
ftow of it* Appearance. — Formation of the Inner Bote. 
-^Formation of the Outer Bow. — The Boies are Cir- 
cular Arc*. — Astronomical Refraction. — Elevation of 
Oh}ecU.— The Twilight.— Reflexion froin theAir.—^i^' 
^flgesand Spectral Apparition* ^ and Unvsual Refraction. 

The rainboWy the most beautiful of meteoroloeical 
paetHMDena, consists of one or more circular arcs of pris- 
"^^tic colors, seen when the back of the observer is tum- 
^ to the sun, and rain is falling between him and a cluud, 
^'■'ich aenres as a screen on which the bow is depicted, 
/^en two arches are visible the inner one is the most 
^lliant, and the order of its colors is the same in which 
^bey appear in the prismatic spectrum — the red fiinf^ing 
lU outer boundary, and the violet being within. This 
^ called the primary bow. The secondary bow, which is 
^ outer one, is fainter, and the colors are in the invert- 
ed order. Wben the sun's altitude above the horizon ex- 
ceeds 42^ the inner bow is not seen, and when it is more 
than 54<^ the outer is invisible. If the sun is in the hori- 
zon, both bowB are semicircles, and according as his alti- 
tude is greater a less and less portion of the semicircle is 
visible ; but from the top of a j(^, 343. 

mountain bows that are larger 
than a semicircle may be seen. 

These prismatic colors arise 
from reflexion and refraction 

of light by the drops of rain^^^^.^^ 1 * 

vbich are of a spherical figure. ^^^^^;::::^^^,_ ^ /^ 

In the primary bow there is 
one reflexion and two refrac- 
tions ; in the secondary there 

Ui^r what ciixminstances does the rainbow form ? Of the two bowa 
which is the most brilliant ? What is the order of the colors ? What is 
their order in the secondary Iww f What are the circumstances which iW- 
tBrmine the visibility of each bow 7 When are they semicircles 7 When 
more than setnicirclea 7 How is the primary bow Cormod 7 
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are two reflexions and two refractions. Thus, let S, Fig» 
248, be a ray of light, incident on a raindrop, a ; on ac- 
count of its obliquity to the surface of the drop, it will be 
refracted into a new path, and at the back of the drop it 
will undergo reflexion, and returning to the anterior face 
and escaping it will be again refracted, giving rise to 
violet and red and the intermediate prismatic colors 
between, constituting a complete spectrum; and as the 
drops of rain are innumerable the obser^'er will see in- 
numerable spectra arranged together so a9 ta form a cir- 
cular arc. 

j^ g^g The secondary rainbow arises 

" from two refractions and two re- 
flexions of the rays. Thus, let 
the ray S, Fig, 249, enter at the 
bottom of the drop, it passes in 
the direction toward I' after hav- 
ing undergone refraction at the 
front; fix)m V it moves to I'', where 
it is a second time reflected, and then emerges in front, 
undergoing refraction and dispersion again. For the 
same reason as in the other case, prismatic spectra are 
seen arranged together in a circular arc and form a bow. 
In Fig, 250, let O be the spectator and O P a line 
drawn from his eye to the center of the bows. Then 
rays of the sun, S S, falling on the drops ABC, will 
produce the inner bow, and falling on D £ F, the outer 
bow, the former by one and the latter by two reflexions. 
The drop A reflects the red, B the yellow, and C the blue 
rays to the eye ; and in the case of the outer bow, F the 
red, E the yellow, and D the blue. And as the color 
perceived is entirely dependent on the angle under which 
the ray enters the eye, as in the case of the interior bow, 
^ the blue entering at the ailgle COP, the yellow at the 
»■ larger angle B O P, and the red and the largest A O P, 
we see the cause wny the bows are circular arcs. For 
out of the innumerable drops of rain which compose the 
shower, those only can reflect to the eye a red color 
which make the same angle, A O P, that A does vrith 
the line O P, and these must necessarily be arrang^ in 

What are the conditions for the formation of the secondary bow f Why 
are both bows circalar arcs ? 



) 
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• dreie of which the center is P. And the same reason- 
log applies for the yellow, the blue, or any other ray as 

Fig.KO. 




well as the red, and also for the outer as well aa the inner 
bow. 

Ano^r interesting natural phenomenoa connected 
with the refraction of light is what is called " astronomi- 
%b1 refraction," arisjng from the action of the atmosphere 
on the rays of light. It is this which so powerfully dis- 
turbs the positions of the heavenly bodies, making them 
appear higher above the horizon than they really are, 
and changes the circular form of the sun and moon 
to an oval shape. It also aids in giving rise to the twi' 
light. 

Let O be tht) position of an observer on the earth, Z, 



refncUoD?' 
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Fig. 351, will be bis zenitb, and let R be any star, tbe rafl 
fiva wbUb come, of coarse^ in straigbt lines, such as R 
E. Now, when such a ray im|Mnges on the atmosphere 

at 1, it is refracted, and 
deviates from its recti- 
linear course. At first 
this refraction is fee- 
ble, but the atmos- 
phere continually ii^' 
creases in density ^ 
we descend in it, a^^ 
therefore the deviati^^ 
of the ray from its or^S* 
inal path, R E, 1^^ 
come* continually ereater. It follows a curvilinear lit^*' 
and finally enters the eye of the observer at O. This m^^ 
perhaps be more clearly understood by supposing tt^ 
concentric circles, a a,b 6, c c, represented in the %gwr^^ 
to $t*^nd for concentric shells of air of the same densit.^^ 
tho ray at its entry on the first becomes refracted, ai9 ^ 
pursues a new course to the second. Here the sam ^ 
thin^ avrain takes place, and so with the third and oth^ ^ 
one:? succest^ively. But these abmpi changes do not o(? 
cur in the atmosphere, which doea not change its density 
fn>m stratum to stratum abruptly, but gradually and con 
tinually. The resulting path of the ray is, therefore, nof? 
a broken line, but a continuous curve. 

Now, it is a law of vision that the mind judges of th& 
poc^ition of an object as being in the direction in which 
the ray by which it is seen enters the eye. Consequently 
the star. R, which emits the rav we have under consider-' 
aiion. will be seen in the direction, O r — ^that being the 
direction in which the ray entered the eye — and, there-^ 
for^, the effect of astronomical refraotion is to elevate a 
star or other object above the horizon to a higher appa- 
rent position than that which it actually occupies. 

Astronomical refraction is greater according as the ob- 
ject is nearer the horizon, becoming less as the altitude 



Trace the path of a ray of light which impinges obliquely on the at- 
mo^sphere. Why is it of a curvilinear figure ? How does the mind judge 
of the position of an ubtect 7 What is, therefore, the efiect <^ astronomical, 
refraction ? What is toe difference in this respect betweep an c^ject in 

Ihfl horiznn »nA nnA in ihA x«ntth ? 
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^creases, and ceasing in the zenith. An oLject seen in 
^ zenith is therefore in its true position. 
On these principles, the figure u£ the s^un and moon, 
I ^hen in the horizon, changes lo an ova] shape : fur the 
1 lower edge being more acted upon than the upper, is 
1 therefore relatively lifted up. and those objects made less 
JO their vertical dimensions than in their horizontal. 

Even when an object is below the horizon it may be 

•onrnch elevated as to be brought into view; for just in 

^same way that a star. R, is elevated to r, so may one 

oeoealh the horizon be elevated even to a greater extent, 

*^au8e refraction increases as we descend to the hori- 

*oti. Stars, therefore, are visible before they have ac- 

'^ally risen, and continue in sight after they have actually 

?6t. They are thus lifted out of their true position when 

^^ the horizon about thirty-three minutes. In the b(x>k8 on 

'^'i^nomy tables are given which represent the amount 

®* refraction for any altitude. 

, ^^at has been here said in relation to a star holds also 

^^ the sun ; which, therefore, is made apparently to rise 

^Oner and set later than what is the case in reality. 

. ^oni this arises the important result that the day is pro- 

Ptiged. In temperate climates, this lengthening of the 

^^ extends only to a few minutes, in the polar regions 

^^^ dai/ is made longer by a month. And it is for this 

'^Xjse, too, that the morning does not suddenly break just 

^^ the moment the sun appears in the horizon, and the 

?^^bt set in the instant he sinks ; but the light gradually 

^^es away, as a twilight, the rays being bent from their 

^^th, and the scattering ones which fall on the lop of the 

^-'^mosphere brought in curved directions down to the 

^wer parts. 

The phenomenon of twilight is not, however, wholly 
^Ue to refraction. The reflecting action of the particles 
^f the air is also greatly concerned in producing it. The 
banner in which this takes place is shown in Fig, 252, 
Where A B C D represents the earth, T R P the atmos- 
phere, and S O, S' N, S" A rays of the sun passing through 
It. To an observer, at the point A, the sun, at S", is just 

Why is the figure of the win or moon oval in the horizon ? What is to 
be obicrved at respects the rising and setting of stars ^ What effect hns 
fhe refraction of the air in producing twilight? How is it that the reflec- 
tive power of the air aida in this effect? 



abate lum, P R T, being 
ire sdn Ikning apcm % 
To an obserrer, at B, the sqd 




tiiiie. and he k in the earth's sha^^ 

pert of hit sky which is induded between r 
Q R X H sdll l e i c iiiM g san-raTS, and reflecdng than txF 
To an ofasener atC, the iUnminated portion of the 
to P Q r. His twiligfat, therefore, 
To an ijh& etTer at D, whose horizon is 
bj the liae D P, the At is eodrely darit, no 
Ae son &Efin^ on it. It is, therefore, night, 
of ^e atm oapb cf e sometimes gires rise to 
spectral appearances— «odi as inrerted images, 
hMming. and the mirage. The latter, which often occars 
€?a bpoc sandr plains, was freqaentlj seen by the French 
dorrng their expe£tion to Egypt, giying rise to a decep- 
tire appearance of great lakes of water resting on the 
sandsw It appears to be due to the partial rarefactioQ of 
the lower strata of air throagh the heat of the surface on 
which they rest, so that rajs of fight are made to pass in 
a ozryiHiiear path, and enter the eye. In the same way 
at sea, inrerted images of ships floating in the air are 
often discoyered. 

Thus, ''On the 1st of August, 1798,' Dr. Vince obsery- 
ed at Ramsgate aship, which appeared, as at A, 1^. 253, 
the topmast being the only part of it seen aboye the hori- 
zon. An inyerted image of it was seen at B, immediately 
aboye the real ship, at A, and an erect image at C, hoSi 
of them b^g complete and well defined. The sea was 
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m the four pontkHw, A, B, C, D of ^. 25S. 
' afpeuaaees due to unusinl refractko and 
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Jlwe siiizii:irBrr«rs=.-«.--r.-;ri 
M« often s^Ttt rise i: 1.^:7^ rs::tr.:« 
^nd,.miT be i.:±^i itid -:e:>. 
?'w^if«tekea3r.::z~r=,« :-f bis 
•"J; and, lookinz aZoas tr-> --T>er 
jAce of it at aa object rc-t "100 
™f»Oi, we cball see d« c-'t the 
{"S^ct itself, but alM an iarerted 
"■'ge of it belinr, the Eecfnd im- 



y ^ng- caused by the refraction 

j^^tlio rays of light as thev pass dirough the straium of 

''* air, as ia the case of the mirage. 

The trombling which distant objects exhibit, more i*s- 
pecjally when they are seeij across a heaiod smfiice, i*. 
ID like manner, due to unusual and irregular rclractiou 
taHug place in the air. 



LECTURE XLVI. 
The Oegan oy Vision.— Tie T^ne Farh of Ihr Ei/f.— 
Deicription of the Eye of Man. — Ihcf of the Airmtori/ 
AppaTotiu. — Optical Action of t/te Eye. — lihnrt trmt 
LoHg-SigktedneM. — Spectacles. — Erect, and Douhle Vii- 
ion. — Peculiarities of Vigion. — PAyaiological Cnliirt, 

Almost all animals pngscss Bomo inechaiiiNiii by wliirli 
they are rendered sensible of tlio prcsoncu «f li^tit. In 
■ome of the lower orders, pcrliaps, nothing imtri! lliiiii_ 11 
diffiiaed sensibility enistB, vritliuut then; Imiiig iiny (t|i"i:iril 

How maj the niinn be imiuuid T How ■■ n knuwn tlml Uiu luwmt wit- 
mab am •auible to light t 
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organ adapted for llie purpose. Thus 
are set;ii to collect on that side of tlie liquid ii 
live on which the sun is Bhining-, and others 
But in all the higher tribes frf life there is 
chanism, which depends %r its action on optical laws- 
is the eye. 

This organ essentially consists of three different parts- — -^ 
an optical portion, which is the eye, strictly speaking; ' 
nervous portion, which transmits the impreSBions gaihe *^ 
ed by the former to the brain ; and an accec3ory portinK^< 
which has the duty of keeping the eye in a pi-oper wnrfi^^'. 
ine state and defending it from injuiy, ., 

In man the eye-ball is nearly of a spherical figure, br^"^ 
ing about an inch in dt 
ameter. As seen in frotiK^ * 
between the two eyelids M 
dc. Fig. 25i, it exhibits ^^ 
white portion of a jiorce "^ 
lain-hkeflapect,na,- aco!-— ^ 
ored circular part, b ^-^^ 
which continually change^M 
in width, called t/ie irit r' ^ 
and a central black por — 
[ion, which ia tie pupil. i 
"Wben It IS removed from the orbit or socket in whicl*. '[ 
Fif. t!53. it is placed, and dissected, th» '' 

eje ia found to consist of serei^ ' 
a I coats. The white portion ' 
seen anteriorly at a a extends 1 
all round. It is very tough and ' 
resisiing, and by its mechanical *• 
qualities serves to support the ' 
more delicate parts within, and 
also to give insertion for the at- 
tachment of certain muscles 
, and direct it to any object. 
J. 1113 coat passes under the name of the tderodc. It is 
represented in Fig. 255, a.t a a a a. In its front there 
ia a circular aperture, into which a transparent portion, 
S b, resembling in shape a watch-glasa, is inserted. This 
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This b called ^ cornea. It projects somewhat beyond 
tbe general curve of the sclerotic, as seen at b b, in the 
figure, and with the sclerotic completes the outer coat of 
we eye. 

The interior surface of the sclerotic is lined with a coat 
which seems to be almost entirely made up of blood-ves- 
sels, little arteries and veins, which, by their internetting, 
cross one another in every possible direction. It is called 
^ choroid coat : it extends like the sclerotic as far as the 
^mea. Its interior surface is thickly covered with a 
^[>nij pigment of a black color, hence called pigmentum 
^rum. Over this is laid a very delicate serous sheet, 
*^ich passes under the name of Jacobus membrane^ and 
^e optic nerve, O O, coming from the brain perforates the 
.'^lerotic and choroid coats, and spreads itself out on the 
^^t«rior surface as the retina, rrrr. The optic nerves of 
^^ opposite eyes decussate one another on their passage 
^ the brain. 

These, therefore, are the coats of which the eye is com- 

n^^^eed. Let us examine now its internal structure. Be- 

^^d the cornea, b b, there is suspended a circular dia- 

Viragm, ej\ black behind and of different colors in differ- 

^it individuals in front. This is the iris. Its color is, in 

^^me measure, connected with the color of the hair. The 

"^^jnlral opening in it, d, is the pupil, and immediately be- 

^ ind the pupil, suspended by the ciliary processes, g g, is 

"^^e crystaline lens, c c — a double convex lens. Ali the 

^ pace between tbe anterior of the lens and the cornea is 

^^iled with a watery fluid, which is the aqueous humor; 

^hat portion which is in front of the iris is called the an^ 

^Berior chamber^ and that behind it the jwsterior. The rest 

^ the space of the eye, bounded by the crystaline lens 

in front and the retina all round, is filled with the vitreous 

humor, V V. 

. With respect to the accessory parts, they consist chiefly 
of the eyelids, which sei've to wipe the face of the eye and 
protect it from accidents and dust; the lachrymal appara- 
tus, which serves to wash it with tea/rs, so as to keep i^ 

What is the cornea ^ What are the choroid coat, pigmentum nipum, and 
JacolTs membrane ? What are the optic nerve and retina ? What is the 
position of the iris? How is the lens supported ? Where is the aqueous 
mimor ? Where the vitreous 7 What are the two chambers of the eye 7 
What are the accoMory parts and their uses T 




cmatasHj ankosnt : sad die 
■pan vcT poDit. 

iJt' dse BPTVTiQs part of the 

tfae iazDresioas of ihe Hgkc sod ch«j are cfxrwred aSoof 
tae ovC£. !KTTi» ^^ the bnin. 

Xow » rc9Dec£3 c&e ofidcai sctaoo of the ere. ^ 2 oS>- 
^ioodi'v cochin? ov>Te tkzn that of a cobtgc leosw to vsSdi. 
indeed, its stmctnre actziaHj eorrespoods : azbi as in ibe 
fcdsi of sack a c jmex lens objects &rm ima^eSk. «o bj dio 
C Mejuii i t actii^a of the cornea and cnratafine. ^e iaaazes </ 
die tkfszs to which the ere is dii e tle d farm at dae propec 
<i'— rjf#^ behind — chat is, npoa the Tetzm. Dstmc^ 

ioa ooly takes place when the comea azid t!ae knsbare 
HEek coDvexkics as to bring the imaees exactly npoa th^ 



Ib carir BSs it aofnrfiincs happeas tfaifc the curratar^ 
of diese bodies is too great, and the rars c ome r gin g toc^ 
rapidlj^ fcrm dwir images befixe they hare reached th^ 
posterior part of the eye, giving rise to the defect knowi^ 
as sfaort-sgfatedness — a dcJect which may be r e medi ed hf" 
patting in ftoot of the cornea a cooc aTe glass lens of sack 
concaTTty as jast to compensate for the excess of the coo- 
Texity of the eye. 

In old age, on the contrary, the cornea and the lens be- 
come somewhat flattened, and they cannol cooTerge the 
rays soon enoogh to fiirm images at the proper distance be- 
hind. This long-sightedness may be remedied by patting 
in front of the cornea a conrex lens, so as to help it in its 
action. 

Concave or conrex lenses thus used in front of the 
eyes constitute spectacles. It is believed that this appli- 
cation was first made by Roger Bacon, and it anquestioii- 
ably constitates one of the most noble contributions which 
science has ever made to man. It has given sight to mil- 
lions who would otherwise have been blind. 

As the image which is formed by a convex lens is in- 
verted as respects its object, so must the images which 
form at the bottom of the eye. It has, therefore, been a 

What is tbe daty of the retinm, and what that of the optic nenre ? To 
what optkaJl c m i tii tancc is the eye analogooa ? When ooes distinct Tis- 
ioQtakeplac*? What is the caase of short-sigfatedness, and what is iti^ 
cuie ! what m die came of long-sightediieaB, and ita cnia ? 
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^estion among optical wiitera, why we see objects in their 
Natural position, and also why we do not see double, inas- 
much as we have two eyes. Various explanations of these 
fccta have been offered, chiefly founded upon optical prin- 
ciples. None, however, appear to have given general sat- 
isfaction, and in reality the true explanation, I believe, 
will be found not in the optical, but in the nervous part 
of tbe visual organ. It is no more remarkable that we 
We single, having two eyes, than that we hear single, hav- 
ing two ears. It is the simultaneous arrival in the brain, 
that gives rise out of two impressions to one perception, 
*Dd accordingly, when we disturb the action of one of 
the eyes by pressing on it, we at once see double. 

Among the peculiarities of vision it maybe mentioned, 

"»at for an object to be seen it must be of certain magni- 

^''tle, and remain on the retina a suflBcient length of time; 

^, for distinct vision, must not be nearer than a certain 

"^stance, as eight or ten inches. This distance of distinct 

^^sion varies somewhat with different persons. The eye, 

^00, cannot bear too brilliant a light, nor can it distinguish 

^hen the rays are too feeble ; though it is wonderful to 

^hat an extent in this respect its powers range. We can 

^ead a book by the light of the sun or the moon ; yet the 

^e is a quarter of a million times more brilliant than the 

other. Luminous impressions made on the retina last for 

a certain space of time, varying from one third to one 

sixth of a second. For this reason, when a stick with a 

spark of fire at the end is turned rapidly round, it gives 

nse to an apparent circle of light. 

By accidental or physiological colors we mean such as 
are observed for a short time depicted on surfaces, and 
then vanishing away. Thus, if a person looks steadfastly 
at a sheet of paper strongly illuminated by the sun, and 
then closes his eyes, he will see a black surface corre- 
sponding to the paper. So if a red wafer be put on a sheet 
of paper in the sun. and the eye suddenly turned on a 
white wall, a green image of the wafer will be seen. 
Spectral illusions in the same way oflen arise — ^thus, when 



Is there an jr thing remarkable respecting erect and double vision ? 
"Wliat peculiarities respecting vision may be remarked ? What is the 
distance of distinct vision ? To what range of intensity of light can the 
0ye adapt itself T Why does a lighted stick turned round rapidly give rise 
to tbe appearance of a circle of fiure ? What is meant by accidental colors 7 
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OPTICAL INSTBtlHEKTS. 

ibe morning, if our eyes are turned atoncre 

brightly illuminaietd, on shutting tbem again 

"sionary picture of every portion of ibe 



LECTURE XLVII. 
Of Optical Instruments. — 77i« Common Camera OJ- 
temra. — Tht Porlahle Camera. — The Single MicroKopt. 
— Tie Comjiaund yiicrOKOpe. — CkromaCtc and Spheri- 
eal Aberration. — The Mngt'c Lantern. — The Solar Mi- 
croKOpe. — The Oxyhi/drogen Microscope. 

In ibis and the next Lectu-re I shall describe the more 
inpanant optical in3trument». These, in their cxienid 
appearance, and also in their principles, differ very raueli 
according to the taste or ideas of the artist. The descrip- 
tions here given will be limited to such as are of a simple 

TueCambkaOb^ccba, or darit charnber, originally con- 
sisted of nothing more than a double convex 1ei)3, of a 
foot or tna in Gm:i15, fixed in (he shutter of a dark room. 
Oppoaito the Icgs atul at its focal distance, a white sheet 
received the images. These represent whatever is in front 
•f the len*. giving a beautiful picture rif the stationaiy 
and movsble objects in their proper relation of light and 
ahadow, and ahut in their proper cohirs. 

Ill point of fact, a lens ia not reijuired : for, if into a 
Fif.rac. 
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<iark chamber, C D, Fig, 256, rays are admitted through 
& small aperture, L, an inverted image will be formed on 
& white screen at the back of the chamber, of whatever 
objects are in front. Thus the object, A B, gives the in- 
verted image, b a. These images are, however, dim, ow- 
ing to the small amount of light which can be admitted 
through the hole. The use of a double convex lens per- 
nuts us to have a much larger aperture, and the images are 
correspondingly brighter. j^. J57. 

The portable x 

camera obscura ^ ^ r 
consists of an 
chromatic dou- d 
We convex lens, 
<i a', set in a brass 
mounting in the 
front of a box consisting of two parts, of which c d slides 
m the wider one, h b\ The total length of the Ikix is ad- 
justed to suit the focal distance of the lens. In the back 
of the part, c c\ there is a square piece of ground glass, d^ 
which receives the images of the objects to which the 
iens is directed, and by sliding the movable pait in or 
out the ground glass can be brought to the pi*ecise focus. 
The interior of the box and brass piece, a a', is blackened 
all over to extinguish any stray light. 

The images of the camera are, of course, inverted, but 
they can be seen in their proper position by receiving 
them on a looking-glass, placed so as to reflect them up- 
^vard to the eye. Objects that are near, compared with 
objects that are distant, require the back of the box to be 
drawn out, because the foci are farther off. Moreover, 
those that are near the edges are indistinct, while the cen- 
tral ones are 8hai*p and perfect. This arises from the cir- 
cumstance that the edges of the ground glass are farther 
from the lens than the central portion, and, therefore, out 
of focus. ^ 

OF MICROSCOPES. 

The single microscope. — When a convex lens is placed 

Is it neccecwry to have a lens? What advantage arises from tho unc of 
one? Describe the portable camera obscura. Why does the focal dJH- 
tao.ce vary for diflferent objects? Why are the images on the edges indis- 
tinct while the ceutral ones are 9harp f 





2M THE HICK06C0PE. 

b e tw een die eje mud an object situated a little nearer tb ^^ 
Ms fixml dtstance, a magnified and erect image will be se^n. 

Tbe single microscope con- 
sists of such a lens, m, Fig, 
258, the object, b c, being on 
one side and the eye, a, at 
the other, a magnified and 
^^ erect image, B C, is seen^ 
^ The linear magnifying pow- 
er of such a lens is found by 
diridine the distance of distinct vision by its focal length. 
Tkf oMmpo^tui microscope commonly consists of three 
/vaoL lenses, A B, E F, C D, 

Fig. 259; A B being 
the object-glass, E F the 
field-glass, and C D the 
1^ eye-glass. Beyond the 
_ ^ ^ object-glass is placed 

^.-^-v-s^^^y^^^ die object, at a dis- 

» tance somewhat greater 

than the focal length ; a magnified image is, therefore, 
produced, and this being viewed by the eye-glass is still 
further magnified, and, of course, seen in an inverted po^ 
sidon. The use of the field-glass is to intercept the ex- 
treme pencils of light, n m, coming from the object-glass, 
which would otherwise not have fallen on the eye-lens. 
It then^fore increases the field of view, and hence its 
name. 

In this instrument the object-glass has a very short fo- 
cus, the eye-glass one that is much larger ; and the field- 
glass and the eye-glass can be so arranged as to neutral- 
ize chromatic aberradon. 

To determine directly the magnifying power of this in- 
strument, an object, the length of which is known, is placed 
before it. Then one eye being applied to the instrument, 
with the other we look at a pair of compasses, the points 
of which are to be opened undl they subtend a space 
ei)ual to that under which the object appears. This space 
being divided by the known length of the object, g^ves the 
magnifying power. 

DMrrib^ the single microscope. How is its roagnifyinff power foond ? 
IV«cnbe tbe compoand microscope. What is the use of tne field lens ! 
How niST its magnifying power be foand ? 
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In Fig. 260, we have a repreBoniation of the compound 
Bi'cfMcope, as commonly made. A Fig- wo- 

Buasliding'braBBtabe, which bears ~ 

tbe eye-glass ; m n is the object- 
gfw; I R the field-glass; S T a 
iSge for carrying the objects. It 
lu be moved to the proper focal dia- 
tMcB by means of a pinion. At V 
IJMre is a mirror which reflects the 
light of a lamp or the sky upward, 
to illuiniiiate the object. The body 
of the microscope is supported on 
llie pillar M, and it can be turned 
into the horizontal or any oblique po- 
tUkiD to suit the observer, by a joint, 
1 N. To the better kind of instru- 
iMDt» micrometers are attached, for 
tlwpuipoee of determining the di- 
■wuiotuofobjects. Thesearesoi ' 
timet nothing more than a piece of g\aBB, on which fine 
lines have been drawn with a diamond, forming divisions 
ttflviluoof which is known. Such a plate may be placed 
V^er immediately beneath the object or at the diaphragm, 
which is between the two lenaes. 

Id microscopes the defective action of lenses, known 
W chromatic aberration, and described in Lecture XLL, 
laterferes, and, by imparting prismatic colors to the edges 
of objects, tends to make them indistinct. To overcome 
tbis difficulty, achromatic object-glaasee are used in the 
finer kinds of instruments. 

Besides chromatic abeiration, there is another defect 
to which lenses are subject. It arises from their spheri- 
cal figure, and hence is designated spherical aberration. 
LetP P,f/^. 861, be a convex lens, on which raya, E P, 
E P, E M, E M, E A, from any object, E e, are incident, 
it is obvious that the principal ray, E A, will pass on, 
through B, to F without undergoing refraction. Now, 
raya which are near to this, as E M, E M, convei-ge by 
the action of the lens to a focus at F ; but those which 
are more distant, and fall near the edges of the Ions, as 

Describe the parts o{ the compound microscope represented in Fie- 260. 
What kind of micrameten may be amd 1 What are lbs effecta of cliiu- 
mitic and ■phetical abenatioD f 
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E N, E N, converge more rapidly, and come to a £ 
at G. Thus, images, F / G ^, are tbrmed by the 
treme rays, and an intermediate seriei of them by 




iuterstediate rays, the whole arising from the peculiar 
of figure of tlie lena. It is, indend, the same defect 
that to which spherical iDirrors are liable, as exphin 
in Lecture XXXVII ; and hence, to obtain perfect acti 
with a spherical lens, as with a spherical mirror, its i 
erture must be limited. 

Tbb Maoic Lantshn consists of a metallic lante 




A A' Fig. 362, in front of which two lenses are plat 
One of these, m, is the illuminating lens, the other,*, 
magnifier. A powerful Argand lamp is placed at L, i 
behind it a concave mirror, p q. Id the space betw 
the two lenses the tube is widened e d, or such an arran 
ment made that slips of glass, on which various figu 
are painted, can be introduced. The action of the 
strument ia very simple. The mirror and the lens 
I>BMribetlieiDa|lclaiiteni. Wbu iaUMOMofitBcooduHinileiu 
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lUamiDate the draniing as highly as possible ; for the 
Ump being placed in their foci, they throw a brilh'ant 
Hght upon it, and the magnifying lens, », which can slide 
b its tube a little backward and forward, is placed in 
Bach a position as to throw a highly magnified image of 
the drawing apon a screen, several feet off, the precise 
&cal distance being adjusted by sliding the lens. As it 
18 an inverted image which foiins, it is, of course, neces- 
Mry to put the drawing in the slide, c d, upside down, so 
as to have their images in the natural position. Various 
amusing slides are prepared by the instrument-makers, 
some representing bodies or parts in motion. The fig- 
ores require to be painted in colors that are quite trans- 
parent. 
The Solar Microscope. — This instrument, like the 




magic lantern, consists of two parts— one for illuminating 
wie object highly, and the other for magnifying it. It 
consists of a brass plate, which can be fastened to an 
aperture in the shutter of a dark room, into which a beam 
of the sun may be directed by means of a plane mirror. 
In Fig. 263, M is the mirror, to which movement in any di- 
• rection may be given by the two buttons, X and Y, that rays 
from the sun may be reflected horizontally into the room. 
They pass through a large convex lens, R, and are con- 
converged by it ; they again impinge on a second lens, 
U S, which concentrates them to a focus, the precise 
point of which may be adjusted by sliding the lens to the 
proper position by the button B. P P' is in apparatus, 
coDsisting of two fixed plates, with a movable one, Q, be- 
tween them, Q, being pressed against P' by means of 
ftpiral springs. This apparatus is for the purpose of sup- 
porting the variouB objects which are held by the pressurq 
-^-^ — ■ 

"Why moit the ilider be put in upside down ? What are the two parts 
of the aolar microecopeT Describe the instmmenk as represented iu 
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of Q agaioflt P'. Immediately beyond this, at L, tf ^^ 
magnifyiug lens, or object-glass, which can be brougbt 
the proper position fix>m the highly illuminated object "^^^ 
means of the button B', and the magnified image resil ^ 
ing is then thrown on a screen at a distance. ^ 

The solar microscope has the great advantage of ^^^ 
hibiting objects to a number of persons at the sani^^ 
time. 

In principle, the oxyhydrogen microscope is the sam^^ 
as the foregoing, only, instead of employing the light 6t 
the sun, the rays of a fragment of lime ignited in the 
flame of a oxyhydrogen blow-pipe are used. These rays 
are converged on the object, and serve to illuminate it 
The advantage the instrument has over the solar micro* 
scope is that it can be used at night and on cloudy days. 



LECTURE XLVni. 

Of Telescopes. — Refracting and Reflecting Telescopes, 
— Galileo's Telescope. — The •Astronomical Telescope. — 
TAe T'^rrestrial. — Of Reflecting Tdescopes. — HerscheTs 
Xewfon^Sj Gregory's. — Determination of their Magnify- 
ing Powers. — The Achromatic Telescope. 

The telescope is an instrument which, in principle, re- 
sembles the microscope, both being to exhibit objects to 
us under a larger visual angle. The microscope does 
this for objects near at hand, the telescope for those that 
are at a distance. 

Telescopes are of two kinds, refracting and reflecting. 
Each consists essentially of two parts, the object-glass or 
objective, and the eye-piece. In the former, the objec- 
tive is a lens, in the latter it is a concave mirror. 

The distinctness of objects through telescopes is neces- 
sarily connected with the brilliancy of the images they 
give, and this, among other things, depends on the size of 
the objective. 

What advantage has the solar microscope over other forms of instm. 
ment T What is the oxy hydrogen microscope T Whatis the telescope T 
Of how many kinds are telescopes 7 What are their essential parts T 
What is the objective in the refracting and reflecting telescope, re-. 
spectively ? On what does the brilliancy depend T 
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There are threo kinds of refracting telescopes : — Ist, 
rralileo's; 2d, the astronomical; 3d, the terrestrial. 
GrALiLE0*8 TELESCOPE, which is represented in Fig. 



Ftg.S&i, 




^4, consists of a convex lens, L N, which is the objec- 
^ve, and a concave eye-glass, E E. Let O B be a dis- 
tant object, the rays from which are received upon L N, 
and by it would be brought to a focus, and give the ira- 
■ge, M I ; but, before they reach this point, they are in- 
tercepted by the concave eye-glass, E E, whicli makes 
them diverge, as represented at H K, and give an erect 
image, i m. 

This form of telescope has an advantage in the erect 
position of its image, which is usually presented with 
great clearness. Its field of view, by reason of the di- 
vergence of the rays through the eye-glass, is limited. 
When made on a small scale, it constitutes the common 
opera-glass. 

The Astronomical Telescope differs from the former 



Fi^. 365. 
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in having for its eye-piece a convex lens of short focus 
comparca with that of the object-lens. In this, as in the 
former instance, the office of the objective is to give an 
image, and the eye-piece magnifies it precisely on the 
same principle that it would magnify any object. In Fig. 
265, li N is the objective, and E E the eye-glass ; the 
rays from a distant object, O B, are converged so as to 
give a focal image, M I. This being viewed through 
the eye-lens, E E, is magnified, and is also inverted. 
The magnifying power of the telescope is found by di- 

How many kinds of refracting telescopes are there ? Describe Galileo's 
telescope, why has it so small a field of view ? What are the essential 
parts of the astronomical telescope 7 Why does it invert ? 
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vidioglbe focftl length oftfae objective by that of the eye- 
lens. 

This lelescope, of couree, inverts, and therefore is not 
well adapted for terrestrial objects ; but for celestial o 

wers very well. 

s Teorebtbiai. Telescope consists of an object- 



lens, like the foregoing, but in ila eye-piece are three 
lenses of equal focal lengths. The combination ia repre- 
ienie.1 in Fig. 26G, in which L N is the object lens, and 
E E, F F. G G the eye-lenBes, placed at distances from 
each other equal lo double their focal length. The prog- 
ress of the rays through the object-lena and the first eye- 
glass to X is the same as in the aslronomical telescope; 
bai, after crossing at X, they are received on tlie second 
eye-leua, which gives an erect image of ihem, at i m, which 
is viewed, therefore, in the erect position by the Inst eye- 
lens, G G. 

As the distance at wbicb the image forms from the ob- 
ject-lena ia dependent on the actual distance of the object 
itself, one which is near giving ils image farther off than 
one which is distant, it is necessary to have the roeans of 
adjusting the eye-piece, »n as to bring it to the proper dis- 
tance from the image, M I. The object-lens is there- 
fore put in a tube longer than ila own foctia, and in this 
a smaller tube, bearing tbe three eye-lenaes, immovablj^ 
fixed, slides backward and forward ; this tube is drawn out 
until distinct vision of the object is attained. 

REfLECTiNo Telescopes are of several different 
They have received names from their inventors. 

HERScnGL's Telescope consiala of a metallic 
mirror, set in a tube in a position inclined to the axis. It 
of course gives an inverted image of the object at its fo- 
cus, and the inclination ia so managed as to have the im- 
age form at the side of the tube. There it is viewed by 






How » ils maenifyji 
Whu i> the aciion of 
"liding the Bye-piece. ^^ 
Bcribe Hemehei's telefcope. 



ing power found f DeBOribe the tBiraitrial lelBicope. 
f Kb ihree eye-\enBes ? Whj must there be mmaii of 
it How ire tefleciine telescopes designated T De. 
efcone. 



Newton's and gregort's telescopes. 211 

t^ ?^'^'^®°«t which shows it magnified and inverted. Tho 
back of the observer is turned to the object, and the in- 
clinaUon of the mirror is for the purpose of avoiding ob- 
•^ruction of the light by the head. 

■R ^*^^N*8 Telescope consists of a concave mirror. A 
It, lOf^. 267, with its axis parallel to that of the tube, D E 

iXr-967 
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y Cr, in which it is set. The rays reflected from it are 
intercepted by a plane mirror, C K, placed at an ^nq\e of 
^5 , on a sliding support, m. They are, therefore, re- 
flected toward the side of the tube, the image, i ra, furm- 
^^^J^ I M, an eye-^lass at L magnifies it. 

J HE Gregorian Telescope has a concave miiTor, A R, 
^S' 268, with an aperture, L, in its center. The rays 

A 

p 

s- ^ I* 

^om a distant object, O B, give, as before, an inverted 
image, M I. They are then received on a small concave 
minor, K C, placed fronting the great one. This eives 
an erect image, which is magnified by the eye-lens, P. 

The magnifying power of any of these instruments may 
be roughly estimated by looking at an object through them 
with one eye, and directly at it with the other, and com- 
paring the relative magnitude of the two images. In Her- 
schers telescope the back of the observer is toward the 
object, in Newton's his side, but in Gregory's he looks di- 
rectly at It. The latter is, therefore, by far the most 
agreeable instrument to use. The largest telescopes hith- 
erto constructed are upon the plan of Herschel and 
Newton. 

When Sir Isaac Newton discovered the compound na- 
ture of light, by prismatic analysis, he came to the con- 

In what position does the observer stand T Describe Newton's telescope 
Describe the Gregorian telescope. How may the magnifying power of 
these instruments be ascertainea ? 

L 
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clusioo that the refracting telescope could never "be a per- 
fect iiutniment, because it appeared impcesible to form 
an image by a conrez leiu, withoat ita being colored on 
the edges by tbe dispersion of light. He therefore tnin- 
eJ bid attODtion to the reflecting telescope, and invented 
tbe one which bean his name. He even manufactured 
one with his ovm hands. It is still preserved in tbe cab- 
inet of tbe Royal Society of Loudon, 

But after it was discovered that refraction without dis- 
persion can be effected, and that lenses can be made to 
form colorless images in their foci, the principle was at 
onoe applied to the telescope ; and hence originated that 
most valuable astronomical instrument, tbe achromatic 
telescope. 

In this tbe object-glass is of course compound, cooeist- 
ing, as represented in Fig. 269, of one crown and one 

Fif. 368. Fif-^na. 





flint-glass lens, or as represented in Fig. 270, of one flint 
and two crown-glass lenses. The principle of its action has 
been described in Lecture XLT. 'The great expense of 
these iu!>trumonts ai'ises chiefly from the costliuess of the 
fliut-glass, for it has hitherto been found difficult to obtain 
it in masses of large size, perfectly free from veins or 
other imperfections. Nevertlieless, there are instruments 
which have been constructed in Germany, with an aper- 
ture of thiiteen inches. Some of these are mounted on 

e adoption of tha reflecting toleKops t On 
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a frame, connected with a clock movement, so that when 
the telescope is turned to a star it is steadily kept in the 
center of the field of view, notwithstanding the motion of 
the earth on her axis. Several large instruments of this 
descriptioTi are now in the different observatories of the 
United States. 
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THE PROPERTIES OF HEAT. 

THEBMOnCS. 



LECTURE XLIX. 

The Properties of Heat. — Relations qflAght and Heat, 
— Mode of Determining the Amount of Heat, — The 
Mercurial Thermometer. — Its Fixed Points. — Fahren- 
heit* s. Centigrade^ Reaumur* s Thermometers. — The Cros 
Thermometer. — Differential Thermometer. — Solid Ther- 
mometers. — Comparative Eacpansion of Gases, Liquids^ 
and Solids. 

Whatever may be the true cause of light, whether it 
be undulations in an ethereal medium, or particles emit- 
ted with great velocity by shining bodies, observation has 
clearly proved that heat is closely allied to it. 

When a body is brought to a very high temperature, 
and then allowed to cool in a dark place, though it might 
be white-hot at first it very soon becomes invisible, losing 
its light apparently in the same way that its loses its heat. 
And we shall hereafter find the rays of heat which thus 
escape from it may be reflected, refracted, inflected, and 
polarized, just as though they were rays of light. 

In its general relations heat is of the utmost importance 
in the system of nature. The existence of life, both vege- 
table and animal, is dependent on it ; it determines the 
dimensions of all objects, regulates the form they assume, 
and is more or less concerned in every chemical change 
that takes place. 

Every object to which we have access possesses a cer- 
tain amount of heat, and so long as it remains at common 

What is observed during the cooling of bodies ? Why are the relatjons 
of heat of such philosophical importance ? 
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toroperaturoa, may be touched without pain; but if alarg- 
^f <iuantity of heat ia given to it, it assumes qualities that 
*re wholly new, and if touched it burns. 

To determine, therefore, with precision the quantity of 
neat which is present in a body when it exhibits any 

STticular phenomenon, it is necessary- that we Khould be 
miahed with some meaaa of effecting its measurement. 
Instrunnius intended for this purpose are called ther- 
montetets. 

Of thermometers we have several different kinds. Some 
are node of solid sabstaiicea, others of liquids, and others 
ofgMes. With a few exceptions, they all depend on the 
same principle — the expansion which ensues in all bodies 
M their temperature rises. 

Oftlieiethe mercurial thermometeristhemost Fii'^n 
comnMn.and for the purpose of science the most' 
generally available. It consists of a. glass tube, 
^g-21l, with a bulb on its lower extremity. 
■fw entire bulb and part of the tube are filled 
with qnickailver, and the rest of the tube, the ex- 
tremify of which is closed, contains a vacuum. 
Ton glass portion is fastened in an appropriate 
BHDDer, upon a scale of ivory or metal, which 
bean divisions, and the thermometer is said to be 
at that particular degree against which its qnick- 
ailver Stands on the scale. 

If we take the bulb of such an instrument in 
tlie hand, the quicksilver immediately begins to 
riae in the tube, and finally ia stationary at some 
particular degree, generally the 98th in our iher- 
inometere. We therefore say the taraperaturo of 
the hand ia 98 degrees. 

In effecting a measure of any kind, it ia neces- 
B&t7 to have a point from which to stait and a 
point to which to go. The same is also necessa- 
ry in making a scale. One of the essential qual- 
ities of a thermometer is to enable observers in all parts 
of the world to indicate the same temperature by the same 

"What i> Iha use of tha thermonieler ? What diBbrent kinds of Ihor- 
Bioniaun h»re we T Oq wh«l gene™! principle do thejf sll dtperid f Whul 
formof thermomeler ia the most commonl What are the degree* J Wlml 
tampontura ioet it indicate if held ia the bondT Wb; sie fixed pumti 
necMury in fomung tbe scale ' 



degiee. A eoonDoo srsteia c£ diiidiiig the scale bhis^ 
thc i ef o f c , be acreed upoot that all tfaenncHiieten may co'^^ 




if we dip a tbermometer in meltiii^ ice or snow, th^ 
qnicksilTer sinks to a cenain potnt, and to this point i'^ 
will aiwa Ts come, no matter when or where the &Lp&A^ 
ment is made. If we dip it in bc»ling water, it at onc^^ 
rises to another point. Phikeophers in all countries ha?^^ 
a£^reed that these are the best fixed points to regulate th^^ 
scale bj, and accordingly they are now used in all ther- — ' 
mometers. In the Fahrenheit thermometer; which is com^-^ 
monlj employed in the United States* we mark the points 
at which the instrument stands* when dipped in melting' 
snow, 32^, and that for boiling water, 212^, and divide the 
interrening space into 180 parts, each of which is a de- 
cree ; and these degrees are carried up to the U^ and 
down to the bottom of the scale. 

In other countries other divisions are used, adjosted, 
however, by the same fixed points. The Centigrade 
thermometer has, for the meltmg of ice, 0, and for the 
boiling of water, 100^, vrith the intervening space divid- 
ed in 100 equal degrees. In Reaumur's thermometer, 
the lower point is marked 0, and the upper 80^. 

The pbflosophical fact upon which the construction oi 
the tbermometer reposes, is that quicksilver expands by 
an increase of heat, and is contra<ied by a diminution of 
it ; and further, that these expansions and contractions are 
in proportion to the changes of temperature. 
fXf^^m. "Qjji {qy particular purposes, thermometers have 
been made of oil, of alcohol, and of a great many 
other liquid bodies, and give rise to the same gen- 
eral results. As an uniform law it may, therefore, 
be asserted that all liquids dilate as their temper- 
ature rises, and contract as it descends. 

But heat determines the volume of gases as well 
as of liquids. If we take a tube, a. Fig, 272, with 
a bulb at its upper extremity, &, and having partly 
filled the tube with a column of water, colored, to 
make its movements visible, the lower end dipping 

Whnt two fixed points have been selected? What is the Centigrade 
m'Atti f What is Reaumur's scale 7 What is the fact on which the con- 
•(niotioii of the thermometer depends ? How may this be extended to 
uthor hquids ? 
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ioosely into some of tbe same colored water, contained in 
t bottle, c; on touching the bulb, b, the colored liquid in 
tlie tube is pressed down by the dilatation of the air, and 
OQ cooling the bulb the liquid rises, because the air con- 
tracts. And were the bulb filled with any other gaseous 
suDStance, such as oxygen, hydrogen, &c., still the same 
thing would take place. So gases, like liquids, expand 
^ ^beir temperjature rises, and contract as it descends. 

^Uch an instrument as jP'V. 272, passes under the name 
01 an air thermometer. Its indications are not altogether 
'^^iable, as may be proved by putting it under an air-pump 
^^oceiver, when its column of liquid will instantly move as 
BOOQ as the least change is made in the pressure of the air. 
It ig affected, therefore, by changes of pressure as well as 
changes of temperature. 

There is, however, a form of 
air thermometer which is free 
from this difficulty. It is the dif- 
ferential thermometer. This in- 
strument consists of a tube, a b^ 
Fig. 273, bent at right angles to- 
ward its ends, which terminate 
in two bulbs, c d. In the hori- 
zontal part of the tube is a little column of liquid marked 
by the black line, which serves as an index. If the bulb 
Cf is touched by the hand, its air dilates and presses the 
index column over the scale ; if ^ is touched the same 
thing takes place, but the column moves the opposite 
i¥ay ; if both bulbs are touched at once, then the column, 
pressed equally in opposite directions, does not move at 
all. Of course, a similar reasoning applies to the cooling 
of the bulbs. The instrument is, therefore, called a dif^ 
ferential thermometer, because it indicates the difference 
of temperature between its bulbs, but not absolute tem- 
peratures to which it is exposed. 

In the same manner that we have thermometers, in 
which the changes of volume of liquids and gases are 
employed, to indicate changes of temperature, so, too, we 
have others in which solids are used. These generally 
consist of a strip of metal which is connected with an ar- 

How may it be extended to all the gases ? Describe the air thennomo- 
ter. Describe the diflferential thermometer. What does thia inatrument 
indicate? 
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of levers or wheels, by which any variiti' 
D iu length may be mutiiplied. The dieturbing agencJ 
' :ea by thU necessary mochi " " ' 



J , inlerft^ I 

of these inBinitnenta. A*-*, 
been employed, except fnr Bpec£^ 
T supplant tbe mercurial thermoi^^ 



thus introdu< 
very much with the o 
hitherto they have i 
purposes, and can n 

eter. ^^ 

It being thus established that all eubstauces, gase^^^ 
liquids, and solids expand as their temperature rbea, anc^^ 
contract as it falls, it may next be remarked ibat grea '' 
differences are detected when different bodies of the sam^^ 
form are compared. There are scarcely two solid eub--'^ 
stances which, for tbe same elevation of temperature, ex- — 

Sand alike. All do expand; but some more and some ' 
«s. In tbe case of crystalline bodies, even the same 
substance expands differently in different directions. 
Thus, a crystal of Iceland spar dilates less in tbe direc- 
tion of its longer than it does in the direction of its short- 
er axis. Tbe same holds good for liquids. If a number of 
' Fit. 774. thetTnometers, ahc. Fig. S74, of tfaa 

" < be filled with different 
liquids, and all plunged in the same 
vessel of hot water.y; so as to be 
warmed alike, the expansion thn 
] exhibit will be very different. Until 
I recently, it was believed that all 
) expand alike for the sftme 
^changes of temperature, but it is now 
t minute differences exist among them in this 
ii'or every degree of Fahrenheit's thermometer 
atmospheric air expands ^^g of its volume at 32°, 

Gases, liquids, and solids compared together, for the 
samechangeof temperature, exhibit very different changes 
of volume ; gases being the moat dilatable, liquids nest, 
and solids least of all. This, probably, arises from the 
fact that the cohesive force, which is the antagonist of 
a most efficient in solids, less so in liquids, and still " 







rernarhs latj be made reBpecline Iceland apsiT How ni»j it be prorei 
tbat different liQuida eipind differently ? What ie ibe eipiDBion of lir 
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LECTURE L. 

^ Radiant Heat. — Path of Radiant Heat — Velocity 
tf Radiant Heat. — Effects of Surface, — Law of Reflex- 
*«». — Reflexion hy Spherical Mirrors, — Theory of Ex- 
changes of Heat. — DiaUiermanous and Athermanous 
Bodies. — Properties of Rock Salt, — Imaginary Color a- 
tion. 

Experience shows that whenever a hot body is freely 
Exposed its temperature descends, until eventually it 
^somes down to that of the surrounding bodies. There 
^u% two causes which tend to produce this result. They 
9are radiation and conduction. 

All bodies, whatever their temperature may be, radiate 
lieat from their surfaces. It passes forth in straight lines, 
and may be reflected, refracted, and polarized like light. 
The rate at which radiant heat moves is, in all proba- 
bility, the same as the rate for light. It has been asserted 
that its velocity is only four fiflhs that of light, but this 
seems not to rest upon any certain foundation. 

As respects the rapidity or facility with which radi- 
ation takes place, much depends on the nature of the sur- 
face. The experiments of Leslie show that, at equal 
temperatures, such as are smooth are far less effective 
than such as are rough. Fig,^5. 

This result he established 
by taking a cubical metal- 
lic vessel, a, filled with 
hot water, the four verti- 
cal sides being in differ- 
ent physical conditions — 
one being polished, a sec- 
ond slightly roughened, a 
third still more so, and the fourth roughened and black- 
ened. Under these circumstances, the rays of heat es- 




What cauaes tend to produceLthe cooling of bodies T In what direction 
doea radiant heat pass? What is the velocity of ita movement ? How is 
the rapidity of radiation controlled by surface T Of smooth and rough 
which are the best radiators 7 
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caping from each surface as it was turned in successi^ ^^ 
toward a metallic reflector, M, raised a thermometer, ^ 
placed in the focus, to very different degrees, the polish^ 
one producing the least effect. 

Just as light is reflected, so, too, is heat. If we take ^ 
plate of bright tin and hold it in such a position as to re- 
flect the light of a clear fire into the face, as soon as we see 
the light we also feel the impression of the heat. The 
law for the one is also the law for the other, " the angle 
of reflexion is equal to the angle of incidence,'' and con- 
sequently mirrors with curved surfaces act precisely in 
one case as they do in the other. We have already 
shown, Lecture XXXVII, how rays diverging from the 
focus of a mirror are reflected parallel, and how parallel 
rays felling on a mirror are converged. And it is upon 
that principle that we account for the following striking 
experiment. In the focus of a concave metallic mirror 

IVr. 878. 
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let there be placed a red hot ball, a. Fig. 276, the rays 
of heat diverging from it in right lines, a c^a d, a e^ af 
will be reflected parallel in the lines c g^dh^e i,fk^ ana, 
striking upon the opposite mirror, will all converge to i, 
in its focus. If, therefore, at this point any small com- 
bustible body, as a piece of phosphorus, be placed, it 
will instantly take fire, though a distance of twenty or fifty 
feet may intervene between the mirrors. Or, if the bulb 
of an air thermometer be used iz^tead of the phosphoms, 

What 18 the law for the reflexion of heat ? How do conrcd nnrroni 
act on radiant heat ? Describe the ezpeiiinent represented by Fig. 276). 
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^^^ give at once the indication of a rapid elevation of 
^^P«rature. 

^it this is not all ; for, if still retaining the thermome- 
ter in its place, we remove away the red hot ball and re- 
place it by a mass of ice, the thermometer instantly indi- 
cates a descent of temperature, the production of cold. 
Atone time it was supposed that this was due to cold 
rays which escaped from the ice, after the same manner 
as nja of heat, but it is now admitted that the effect 
arises from the circumstance that the thermometer bulb, 
being warmer than the ice, radiates its heat to the ice, 
the temperature of which ascends precisely in the same 
manner as that in the former experiment, the red hot 
ball being the warmer body, radiated its heat to the ther- 
mometer. 

In fact, these experiments are nothing more than illus- 
trations of a theory which passes under the name of " the 
Theory of the Exchanges of Heat." This assumes that 
all bodies are at all times radiating heat to one another ; 
but the speed with which they do this depends upon their 
temperature, a hot body giving out heat much faster than 
one the temperature of which is lower. If thus, we havo 
a red hot ball and a thermonietet bulb in presence of one 
another, the ball, by reason of its high temperature, will 
give more heat to the bulb than it receives in return ; its 
temperature will, therefore, descend, while that of tho 
bulb rises. But if the same bulb be placed in presence 
of a mass of ice, the ice will receive more heat than it 
^ves, because it is the colder body of the two, and tho 
temperature of the thermometer therefore declines. 

All bodies are at all times radiating heat, their power of 
radiation depending on their temperature, increasing as 
it increases, and diminishing as it diminishes. 

As is the case with light, so, too, with heat : there are 
Bubstances which transmit its rays with readiness, and 
others which are opaque. We therefore speak of dia- 
tkermanous bodies which are analogous to the trans- 
parent, and athermanous which are like the opaque. 

What ensues if a piece of ice is used instead of a hot ball ? How was this 
formerly explained ? What is the true explanation of it ? What is meant 
by the Theory of the Exchanges of Heat ? On what does tho rate of ra- 
diation depend ? What are diathermauous bodies 7 What ore atherma- 
nous ones? 
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Among the former a vacuum and most gaseous bo^^^ 
may b^ numbered; but it is remai'kable that substance 
which are perfectly transparent to light are not necea^-^' 
rily so to heat. Glass, which transmits with but litt^^ 
loss much of the light which falls on it, obstructs much cf^ 
the heat ; and, conversely, smoky quartz and brown mir ^ 
which are almost opaque to light transmit heat readily " 
But of all solid substances, that which is most transpareit 
to heat, or most diathermanous, is rock-salt ; it has there 
fore been designated as the glass of radiant heat. If 
prism be cut from this substance, and a beam of radian^^ 
heat allowed to fall upon it, it undergoes refraction and"^ 
dispersion precisely as we have already described as ' 
occurring under similar circumstances with a glass prism 
for light in Lecture XL. And if convex lenses be 
made of rock-salt they converge the rays of heat to foci, 
at which the elevation of temperature may be detected 
by the thermometer. Heat, therefore, can be reii'acted 
and dispersed as easily as it can be reflected. 

If we take a convex lens of glass and one of rock-salt, 
and causp them to form the image of a burning candle in 
their foci, it will be found on examination that the image 
through the rock-salt is hot, but that through the glass 
can scarcely affect a delicate thermometer. This experi-' 
ment sets in a clear light the difference in the relations 
between glass and salt, the former permitting the light 
to pass but not the heat, the latter transmitting both 
together. 

When light is dispersed by a prism the splendid phe- 
nomenon of the spectrum is seen. But in the case of 
heat our organs of sight are constituted so that we cannot 
discover its presence, and therefore fail to see the cor- 
responding result. But it is now established beyond all 
doubt, that in the same manner that there are modifica- 
tions of light giving rise to the various colored rays, sO, 
too, there are corresponding qualities of radiant heat 
Moreover, it has been fully proved that, as stained glass 
and colored solutions exert an effect on white light, ab- 
sorbing some rays and letting others pass, the same takes 
place also for heat. In the case we have already con- 

Memion some of the former. Of all solid bodies which is the most 
diathermanoQs ? What is to be obsenred when rock-salt and glass are 
compared ? 
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Bidered of the imperfect diatheimancy of glass — the true 

<^*U8e of the phenomenon is the coloration which the 

^'ass possesses as respects the rays of heat, and inasmuch 

^ a substance may be perfectly transparent to one of 

™e8e agents and not so to the other, so, also, a bo'dy may 

*^op or absorb a given ray for the one and a totally dif- 

^rent one for the other. Glass allows all the rays of 

%lit to pass almost equally well, but it obstructs almost 

^c>mpletely the blue rays of heat. The coloration of 

''^^ies, which has already been described as arising from 

^o»orption, may, therefore, be wholly different -in the two 

ca.^^g. and as our organs do not permit us to see what it 

^ ^in the case of heat, and we have to rely on indirect 

®^^*^ence, we speak of the imaginary or ideal coloration 

V)0uies« 

Jlf heat like light, as there are reasons for believing, 

***X»e8 in vibratory movements which are propagated 

^ "^""ough the ether, all the various phenomena here de- 

*^^j^*ibed can bo readily accounted for. The undulations 

- J^ heat must be reflected, refracted, inflected, undergo 

j,^^*^:erference, polarization, &c., as do the undulations of 

*^*^ the mechanism being the same in both cases. 



LECTURE LI. 

^ONDUCTiopt AND EXPANSION. — Good and Bad Conductors 
of Heat. — Differences among the Metals. — Conduction 
and Circulation in Liquids, — Point of Application of 
Heat, — Case of Gases. — Expansion of Gases ^ Liquids, 
: and Solids. — Irregularity of Expansion in Liquids and 
. Solids. — Regtdarity of Gases. — Point of Maximum 
Density of Water. 

When one end of a metallic bar is placed in the fire, 
after a certain time the other has its temperature ele- 
vated, and the heat is said to be conducted. It finds its 



What reasons are there for supposing that radiant heat is colored ? Do 
natural bodies possess a peculiar coloration for h.eat ? What is meant by 
ideal or imaginary coloration ? If heat consists of ethereal undulations to 
what eflfects must it be liable ? What is meant by the conduction of 
beatT 
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way from particle to particle, from those that are hot to 
those that are cold. 

But if a piece of wood or of earthenware he suhmitted ' 
to the same trial a very different result is obtained . The 
farther -end never becomes hot, proving, therefore, that 
some bodies are good and others bad conductors of 
heat. 

The rapidity with which this conduction from particle 
to particle takes place, depends, among other things, upon 
their difference of temperature. Thus, when the bulb of 
a thermometer is plunged in a cup of hot water, for the 
first few moments its column runs up with rapidity, but 
as the thermometer comes nearer to the temperature of 
the water, the heat is transmitted to it more slowly. 

Of the three classes of bodies solids are the best con- 
ductors, liquids next, and gases worst of all. Of solids 
the metals are the best, and among the metals may be 
mentioned gold, silver, copper. Amone bad solid con- 
ductors we have charcoal, ashes, fibrous bodies, as cotton, 
silk, wool, &c. 

That the metals differ very much in this respect from 
one another may be satisfactonly proved by taking a rod 
of copper, one of brass, and one of iron, h c d^ Fig, 277, 
j5Vf.277. of equal length and diameter, and screw- 

ing them into a solid metallic ball, a, hav- 
S\^ ing placed on their farther extremities at 
^'\ bed, pieces o£ phosphorus, a very com- 
c bustible body. Now, if a lamp be placed 
,</ under the ball, it will be found that the 
heat traverses the metallic bars with very 
different degrees of facility, and the phos- 
phorus takes fire in very different times; 
the first that inflames is that on the copper, then follows 
that on the brass, and a long time after that on the iron. 
Liquids are, for the most part, very indifferent conduct- 
ors of heat. This may be established, for example, in the 
case of water, by taking a glass jar, o. Fig. 278, nearly 
filled with that substance, and introducing into it the bulb 
of a delicate air- thermometer, c, so that a very short space 

How may it be provetl that different bodies conduct heat with different 
deifrees of facility ? How is this affected by difference of temperature ? 
Of the three classes of bodies which conduct heat best? How may dif- 
lerence of conduction among metals be proved ? 
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'^ntenrenes between the top of the bulb and the jcxr-sra 
^^ace of the liquid. If now some sulphuric %\t-t, 
^er be placed on that surface, and set on fire, it' 
^ be found that the thermometer remains mo- 
^less, and we therefore infer that the thin 
stratum intervening between the burning ether 
ud the thermometer cuts off the passage of the 
heat. More delicate experiments have, however, 
proved that the liquid condition is not, in itself, a 
oecessary obstruction. Even water does conduct 
^ a, certain extent ; and quicksilver, which is equally a 
fiquid, conducts very well. 

But experience assures us that, under common circum- 
f^aDces, heat is uniformly disseminated through liquids 
^th rapidity. This, however, is due to the establishment 
*^^ currents in their mass. We have seen how readily this 
c^ass of bodies expands under an elevation of tempera- 
^^Q, and this explains the nature of the passage of heat 
J***'ough them. When the source of heat is applied at the 
*^ttom of a vessel containing water, those particles which 
*^^e in immediate contact with the bottom become warm- 
^ by the direct action of the fire, and they therefore ex- 
P^iid. This expansion makes them lighter, and they rise 
^T'ough the stratum above, establishing a current up to 
^Q surface. Meantime their place is occupied by colder 
Particles, which descend, and these in their turn becom- 
^g warm follow the course of the former. Circulation, 
therefore, takes place throughout the liquid mass, in con- 
Bequence of the establishment of these currents ; n^. 278. 
and all parts being successively brought in con- 
tact with the hot surface, all are equally heat- 
ed. That these movements do take place, may 
be proved by putting into a flask of water, a. 
Fig. 279, a number of fragments of amber, 
adding a little glauber salt to make their spe- 
cific gravity of the liquid more nearly that of 
the amber, and then applying a lamp, currents 
are soon set up, and the amber, drifting in them, 
marks out their course in an instructive manner. 




How may it be proved that liquids are bad conductors of heat ? Is the 
liquid state a necessary obstruction ? Mention a liquid which is a good 
condoctOT. How is heat then transmitted through hquids ? On what do 
these currents depend ? How may they be illustrated by means of amber T 
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Such cun'ents, however, wholly depend on the pointof 
kpplicaiion of the heat. If the fire, instead of being ap- 
plied at the bottom of the vessel, is applied at the top, u 
m Fig. 278, then the liquid can never be warmed. The 
cause of the movements of particles is their becoming 
lighter — they therefore float upward f but if they ara al- 
ready situated on the surface of course no movement can 

With respect to gases wo observe the same peculiwi- 
ties that we do with liquids. Strictly speaking, they sr^ 
Fig.^eo. very bad conductors of heat; but from the vur" 
biiity of their parts, it is very easy to transfer 
heat readily through them, provided it is righc-' 
ly applied. The experiment represented i*^ 
Fig. 280, shows how easily circulation take^* 
lace in them. If a piece of burning sulpha'^ 
B put in a cup, a, and ajar full of oxygen b^^ 
L inverted over it, the combustion goes on with* 
rapidity, and the light smoke that rises mark^ff 
out very well the path of the moving air. It rises direct--^ 
ly upward fi-om the burning mass, until it reaches the toj^ 
of the jar, and then descends in circular wreaths to th* 
bottom. 

On the principle of the difference of the conductibiliiy 
of bodies, we direct all our operations for the communi- 
cation of heat with different degrees of rapidity,' When 
we desire to abstract the heat rapidly from bodies, we 
surround them with good conductors; if we wish to re- 
tard it, we select such as are had. And, indeed, it is In 
this way that we regulate our changes of clothing. Thick 
woollen articles, which are very bad cond uctors, are adapted 
to the cold winter weather, when we desire to cut off* the 
escape of heat fi'om our bodies as much as is in our pow- 
er. Nature also resurls to the same principles — the thick 
coat of wool or of hair which serves for the covering of 
animals protects them from the cold by its non-conduct- 
ing power. In these instances, in reality, the action of 
aimoapheric air is brought into play, and that under the 

Why do such currenii depend on the point of application of (he heat T 

Do the Hme l»wi hold in the cbsb of gasesf Horn "■' • 

by eiperiraent! What applications are made of the | 
eonductibilitj ! Intbefut of apinmls *■—-'- •■■- — - 
air called intt; ubs ? 
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i^<>st favorable circumstances ; for any motion of its par- 
ades among the thickly matted fibres is impossible, and 
^ non-conducting power, undisturbed by circulation, is 
lendered available. 

It has been stated that all bodies expand under the in- 
fluence of heat — gases being the most expansible, liquids 
iiext, and solids least. But the expansion of the two lat- 
ter classes of bodies is far irom beinsr proportional to 
l^ir temperature ; for solids and liquids expand in creas- 
'Ogiy as their temperature rises — one degree of heat, if 
applied at 400^, produces a greater dilatation than if ap- 
plied at 100^. From this irregularity it is believed that 
8f^8 are free — they seem to expand uniformly at all tem- 
P^nitures. 

Resides this general irregularity which applies to all 

•oiids and liquids, there are other special irregularities, 

®*on of great interest. Water may afford an example. 

■" 8ome of this liquid be taken at 32^ and warmed, in- 

^^d of expanding it contracts, and continues to do so 

'"*til it has reached about 39 J°, after which it expands. 

^^ therefore follows, that if tee fake water at 39 J^, ic/icther 

^ tcarm it or cod it, it expands. At that temperature it 

j*» therefore, in the smallest space into which it can be 

"^Ought by cooling — it has, therefore, the greatest densi- 

^» and 39i^ is spoken of as the point of maximum dcnmty 

9f VHiter. In the same manner several other liquids, and 

®^en solids, have points of maximum density. 

This fact is of considerable interest, when taken in con- 
nection with the circulatory movements we have been de- 
Scribing. When a mass of water cools on a winter's night, 
the colder particles do not contract and descend to the 
bottom, but after 39 J° is reached, they, being the lighter, 
float on the top, and hence freezing begins at the surface. 
Were it otherwise, and the liquid solidified from the bot- 
tom upward, all masses of water during the winter would 
be converted into solid blocks of ice, instead of being 
merely covered as they are with a screen of that sub- 
stance, which protects them from further action. 

Do solids and liquids expand with regularity ? Are thorn other irregu- 
larities besides this ? What is meant by the maximum denNity of water Y 
AX what temperature docs it take place ? How does this cfl'cct the freez- 
ing of masses of water ? 
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LECTURE LIL 

Capacity for Heat and Latent Heat. — Illustration 
of the Different Capacities of Bodies for Heat, — Stand- 
ards employed, — Process by Melting. — Process of Mv^ 
tures, — Effects of Compression, — Effect ^ of Dilatation, — 
Latent Heat. — Caloric of Fluidity. — Caloric of B^Uuti- 
city, — Artificial Cold. 

By the phrase capacity of bodies for beat we allude to 
the fact that different bodies require different degrees of heat 
to warm them equally. 

An experiment will serve to illustrate tbis important 
fact. If we take two bottles as precisely alike as we can 
obtain them, and, having filled one with water and tbe other 
with quicksilver, set them before the same fire, so as to 
receive equal quantities of heat in equal times, it will be 
found that the water requires a very mucb longer expos- 
ure, and therefore a larger quantity of heat than tbe quick- 
silver to raise its temperature up to the same point. 

Or if we do the converse of tnis, and take the two bot- 
tles filled with their respective liquids, which, by baving 
been immersed in a pan of boiling water, have both been 
brougbt to the same degree, and let them cool freely in 
tbe air, it will be found that the water requires much 
more time than the quicksilver to come down to tbe com- 
mon temperatures. It contained more heat at tbe high 
temperature than did the quicksilver, and required more 
time to cool ; it has, therefore, a greater capacity for beat ; 
or, to use a loose expression, at tbe same temperature 
holds more of it. 

There are several difierent ways by which the capacity 
of bodies for heat may be determined. Thus, we may 
notice the times, they require for warming, or those ex- 
pended in cooling in a vacuum. Of course, we cannot 

What is meant by the capacity of bodies for heat ? Illastrate this by 
experiment. Can it be proved ccmyersely ? In what ways roa^ tbe ca- 
pacity of bodies be determined ? Can tbe absolute amount of he^ in 
bodies be determined? 
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teVl the absolute amount of heat %vhicli ia containeJ ia 
•^ Subaianco vrhateyer, and these detenninatioDS are 
"f M relative — diflerent bodies being corapaved with a 
gmn one which ia takea as a standard. For these pur- 
po^ water ia the aubstance selected for solids and liquids 
snd atmospboric air for gases and rapors. 
An JllustratioD will show the methods by vrbicb the ca- 
pacity of bodies ia determined by the process of melting. 
Let there be provided a mass of ice, n? nfii 

aa. Fig 281, id which a ca^itj, b d 
has been previously made, and a slab I 
of ice, c c, so as to cover the cavity h 
completely In a small flask, d, place I 
an ounce of water, raised to a temper- r 
ature of 200= Set this in the ca% 
as shown m the figure, and jiut on 
slab. The ice now begins to melt , '- 
and, aa the water forms, it collects in the bottom of the 
cavity. When the temperature of the itask has reached 
32° it only remains to pour out tiie water and measure 
it. Next, let there be put in the flask an ounce of quick- 
ulver, tbe temperature of which is raised, as before, to 
200°; measure the water which it can give rise to by melt- 
ing the ice, precisely as in the former experiment, and it 
will be found that the water melted twenty-three times aa 
much as the ijuicksilver. Uniler these circumstancea, 
therefore, a given weight of water gives twenty-three 
tim^ as much heat aa the same quantity of quicksilver. 

There are still other means of obtaining the same re- 
sults. Such, for instance, as by the method of mixtures. 
If a pint of water at 50" be mixed with a pint at 100° the 
temperature of the mixture is 75" ; but if a pint of mer- 
cury, at 100°, is mixed with a pint of water, at 40°, the 
temperature of the mixture will be 60°, so that the 40' 
lost by mercury only raised the water 20°. That this 
result may correspond with the foregoing, it should be 
recollected that, in this instance, we are using equal vol- 
ume*, in that equal weights, 

Whji>csp(u:it);Bre1atiTe thing? What ii the atsnilanl for soliiti and 
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In this way the capacities of a great namber of hooj^ 
have beeD detennined, and tables constructed in wbi<^ 
they are recorded. Such tables are given in the books 
of chemistry. The different capacities of bodies are also 
desifimated bv the term specific heat, since it requires a 
specific quantity uf heat to heat bodies equally. 

When a body is compressed, its specific heat or capaci- 
ty for beat diminishes, and a portion makes it appearance 
as sensible heat. This may be proyed by rapidly com- 
pressing air, which will give out enough heat to set tin- 
der on fire, or by beating a piece of iron vigorously, when 
it may be made red hot. On the other hand, when a 
b«>dy is dilated its capacity for heat increases. It is partly 
lor this reason that the upper regions of the atmosphere 
are so cold the specific heat is great by reason of the rar- 
ity. It therefore requires a large amount of heat to bring 
the temperature up to a given point. 

It has also been found that the specific heat changes 
with the temperature, increasing therewith, so that it is 
not constant for the same body. 

There is reason to believe that the atoms of all simple 
substances have an equal capacity for heat; and that 
all compound bodies, composed of an equal number of 
single atoms combined in one and the same manner, 
have a capacity for heat which is inversely as their specific 
gravity. 

When a solid substance passes into the liquid form a 
laree quantity of heat is rendered latent — that is to say, 
undiscoverable to the thermometer. Thus, we may have 
ice at 32° and water at 32°, the one a solid and the other 
a liquid, and the precise reason of the physical difference 
between them is, that the water contains about 140°, 
which the ice does not — a quantity which is occupied in- 
giving it the liquid state, and is insensible to the ther- 
mometer. 

For this reason the transformation of a solid into a 
liquid is not an instantaneous phenomenon, but one requir- 

What is meant by specific heat ? How does specific heat change under 
compression ? Does this take place in solids as well as gases ? What 
reason is there for the cold in the upper regions of the air ? Does spe- 
cific heat Tary with the temperature ? What is observed respecting the 
atoms of simple bodies ? What respecting compound ? What is latent 
heat ? What is the latent heat of water ? Why does the trandormatioa 
of water into ke or ice into water require time f 
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^Hme. Ice must have its 140 ^^ degrees of latent heat 
.^<Ore it caD turn into water. And, converse! v, the solid- 
'l^on of a liquid is not instantaneous. It must have 
tiQie to give out the latent heat to which its liquid state 
is due. 

When a liquid passes into the form of a vapor it is the 

presence of a large quantity of latent heat which gives to 

It all its peculiarities. Thus, water in turning into steam 

absorbs nearly 1000° of latent heat, and when that steam 

reverts into the liquid state the heat reappears. 

To the caloric which is absorbed during fusion, the 
designation of caloric of fluidity is given, to that which 
gives their constitution to vapors the name of caloric of 
eUuticity. And as different bodies require during these 
changes different quantities of heat, there are furnished 
in the works on chemistry tables of Uie caloric of fluidity, 
and caloric of elasticity of all the more common or im- 
portant bodies. Of all known bodies water has the 
greatest capacity for heat ; and, in consequence of the 
gresl amount of latent heat it contains, it is one of the 
great reservoirs of caloric, both for natural and artificial 
purposes. 

Hence, whenever a substance melts it absorbs heat, 
and when it solidifies it gives out heat. When a sub- 
stance vaporizes it absorbs heat, and when a vapor lique- 
fies it evolves heat 

On these principles depend some of the processes re- 
sorted to for the production of cold. If we take two 
solid bodies^ as salt and snow, which have such chemical 
relations to one another that, when mixed, they produce 
a forced fusion and enter on the liquid state ; before that 
change of form can take place, caloric of fluidity must be 
supplied, for snow cannot turn into water unless heat is giv- 
en iL The mixture, therefore, abstracting heat from any 
bodies around or in contact with it, brings down their 
temperature and thus produces cold. The same result 
attends the vaporization of a liquid ; thus, ether poured 
on the hand or on the thermometer produces a great 

What is the jihysical difference between water and steam ? What is 
the caloric of flaidity? What is the caloric of elasticity? What sub- 
stance has the greatest capacity for heat 7 Why is cold produced by a 
miztura of salt and snowT Why is it produced by the vaporization of 
ether t 
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cold, because the vapor which riBes mnst have caloric of 
elasticity in order to assume its peculiar form, and it 
takes heat from the body from which it is evaporating for 
that purpose. 



LECTURE LIII. 

Ox Evaporation and Boiling. — Thenomena of Boiling, 
— EJfxt of the Xatitre of the Vessd and the Pressure, — 
Height of Jdountnint Determined, — Effect of Increased 
Pressure, — Evaporation. — YaporizaJtion in Vacuo, — 
Effect of Temperature on a Liquid in Vacuo, — Explo' 
nation of BoiliHg, — ^titure of Vapors* 

As the vaporization of liquids is connected with some 
of the most important mechanical applications, we shall 
pitureed to consider it more minutely. 

When water is placed in an open vessel on the fire the 
temperature of the whole mass ascends on account of the 
currents described in Lecture LI. After a time minute 
bubbles make their appearance on the sides of the vessel; 
these rise a little distance and then disappear, but others 
soon take their places, and the water, being thrown into 
a rapid vibratory motion, emits a singing sound. Imme- 
diately after this the little bubbles make their way to the 
surface of the liquid, and are followed by others which 
are larger, and the phenomenon of boiling takes place. 
The heat has now reached 212^, and it matters not how 
hot the fire may be, it never rises higher. 

Difterent liquids have different boiling points, but for 
the same body, under similar circumstances, the point is 
nearly fixed. It is, indeed, in consequence of this that 
the boiling of water is taken as the upper fixed point of 
the thermometer. 

Of the circumstances which can control the boiling 
point, two may be mentioned : the nature of the vessel 
and the pressure of the air. 

In a polished vessel, for instance, water does not boil 

Describe the difierpnt phenomena exhibited during the warming of 
^'ater. At what temperature does ebullition set in f what circomstancee 
control the boiiing point ? In a polished vessel what is the temperature f 
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until 214^ ; but if a few grains of sacd or other angular 
l>ody 18 thrown in the temperature sinks :o ^12=. 

The absolute control which pressure exerts over the 
"boiling point may be shown in many dUereiit Fij. 
striking ways. Thus, if a glass of warm water 
"be put under the receiver of an air-pump and 
exhaustion made, the water enters into rapid 
ebullition, and continues boiling until its tem- 
perature goes down to 67=. Water placed in 
a vacuum will therefore boil with the warmth 
pf the hand. 

Advantage has been taken of this fact to determine the 
height of accessible eminences. For, as we ascend in 
the air, the pressure necessarily becomes less; the supeiin- 
cumbent column of the atmosphere being shortened, the 
boiling point therefore declines. It has been ascertained 
that if we ascend from the ground through 530 feet, the 
boiling point is lowered one degree ; and formulas are 
given by which, from a knowledge of that point, in any 
inatance the. altitude may be calculated. 

On the other hand, when the pressure on a liquid is 
increased, its boiling point ascends. This may be proved 
by taking a spherical boiler, a, properly supported over 
a spirit lamp, there being in its top three openings ; 
through d let a thermometer dip into some water which 
half fills the boiler, at b let there be a stop- 
cock which can be opened and shut at 
pleasure, and through a third opening be- 
tween these let a tube, c, pass, dipping down 
nearly to the bottom of the boiler into some 
quicksilver which is beneath the water. 
Now let the water boil freely and the steam 
escape through b, the thermometer will 
mark 212°. Close the stop-cock so that 
the steam cannot get out, but, being con- 
fined in the boiler, exerts a pressure on 
the surface of the water, which is indicated 
by the rise of the mercury in the tube. As the column 
rises the boiling point rises, and if the instrument were 
~- 11 II . 

Prove that it is aflfected by pressare. At what temperature will water boi) 
111 an air-pamp vacuum ? Iiow has this been applied for the determina- 
tion of beigbu T How does the boiling point vary when the pressure is 
increased? 
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adapted to show the results for high pressureB, it mi| 
be proved that the boiling point 



For 1 atmo^ihere is 2129 

2 *• 2505 

3 " 275.2 

4 " 293.7 

5 " 307,5 



For 10 atmospheres is 358JB 
15 ** 392.& 

20 " 418.5 

40 •' 6665 

50 •* 69a7 
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Besides this escape of vapor from liquids during the ^ ^^ 
of boiling, the same is continually going on in a slow a'KV^ 
motionless way, at lower temperatures. If some waX:^^ 
be left in a shallow vessel exposed to the air, afterasbo^ 
time it all disappears. To this phenomenon the ter^^ 
evaporation is given. 

At one time it was supposed that the atmospheric m-^^ 
acted on evaporating bodies by an affinity for their vapor"^* 
in the same way that a sponge will soak up water. Ba^^ 
Fig. 9M. the fallacy of this idea is proved by the fa^^^ 
that evaporation goes on more rapidly in vacui 
where no body whatever is present, than in tb 
air. Thus, if into the torricellian vacuum o^ 
a barometer, we pass a little ether, alcohol, (^ '^ 
water, the moment they reach the void the^ff 
instantly give forth vapor, and the mercuriac— -* 
column is depressed. With ether the depres^-^ 
sion is greatest, with alcohol less, and with wa — ' 
ter least of all. Now when we consider th^^ 
nature of the barometer, and the force whicl^ 
keeps the column of mercury suspended init^ 
it is very clear that this simple method affords 
us an easy means of knowing the elastic force of the va- 
pors evolved from any of these substances : for the mer- 
curial column is depressed thiough the operation of that 
elastic force. It is this which forces it downward, while 
the pressure of the air tends to force it upward. - 

By thus introducing liquids into the barometric tube, 
we have the means of determining the elastic force of the 
vapors to which they give rise ; and very simple exper- 
iments satisfy us that that elastic force depends upon the 
the temperature. If we warm the tube, jPi^. 284, by 



Give some examples of the boiling point for different pressures. What 
is meant bj evaporation ? How can it be proved that the air does not act 
by its porosity like a sponge ? What takes place when a liquid is passed 
into a torricellian vacuum ? How can we measure the elastic for?e of the 
vapor evolved T 
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«^^^5 over it the flame of a spirit-lamp, the depression 
\)^nie8 greater, and if we surround it by means Fiff. 385. 
01 Warm water in a wider tube, so as to'be able 
to ascertain with accuracy the temperature ap- 
plied, We shall discover that as the heat rises the 
waatic force of the vapor increases, and that the „ 
if^curial column is xolioUy depressed into the cis- 
^ fl* toon €Ls the temperature has reached the hoil- 
^ point of. the liquid on which we are operating, 
Tia8,let A be a deep glass jar, filled to the height 
f With mercury, and let a b be the barometric tube, (^ 
into the vacuum of which, at m, the liquid under n 
Jnal has been passed. Let a wide tube, re, capa- 
™e of holding hot water, be adapted, by means of 
■ ^ght-fitting cork, at *, to the barometnc tube. 
*^OHrif, having observed the depression which the 
^ercury exhibits at common temperatures, we fill 
^^ tube, r c, with hot water, a still greater de- 
P^'eaaion is the immediate result. The tempera- 
.**''^ of the hot water, and, therefore, of the liquid ti— l 
^ the barometer, can easily be determined by feiT:^ 
'^^tiging a thermometer into the tube, re, 

'6'rom such experiments, therefore, we draw this im- 

P^ttant conclusion : Tfie elastic force of vapor risinsc from 

. ^zquid at tts boiling point is equal to the pressure uyfm 

^ If the ebullition be taking place in the open air, it is 

*^^refore equal to the pressure of the air. 

This principle furnishes a complete explanation of the 
Process of boiling, previously described. As the temper- 
ature of a mass of liquid exposed to heat gradually rises, 
the elastic force of the vapor it generates increases. Very 
ftoon, therefore, on the hottest part of the vessel, that part 
in immediate contact with the fire, the temperature reaches 
Buch a point that the vapor can form, the elastic force of 
which IS just equal to the atmospheric pressure. Little 
bubbles now rise ; but these, having to pass up through a 
stratum above, which is of a temperature somewhat low- 
er, are crushed in and disappear. They therefore throw 

Prove that that elastic force depends on the temperature. What is the 
elastic force when the boiling point is reached ? What is the elastic force 
of a vapor when eballition takes place in the air ? How are these princi- 
ples connected with the process of boiling? Why is a singing sound 
emitted T 
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LECTURE LIV. 

The Steam Engine. — Elementary Steam Engine. — Forms 
of this Machine.-^Description of the High-Pressure En- 
gine. — Principle of the Low-Pressure Engine. — De- 
scription of the Double- Acting Engine, — Estimate of 
Performance. 

On the elastic force of steam and on the rapidity with 
^nich it is condensed by application of cold, the construc- 
^oti of the different forms of steam engine depends. 
The instrument represented in Fig. 288 Fig. sea 
S*'^e8 a clear idea of the elementary parts 
?* ^ B steam engine. It consists of a cylin- 
J^'ical glass tube, B, terminating in a bulb, 
^- In the tube a piston moves up and 
iJ^^Voj, air-tight, and a little water having 
f ^^n placed in the bulb, it is brought to the 
. ^^iling point by the application of a lamp. 
■^^ the steam forms it presses the piston up- 
% ^^.rd by reason of its elastic force, and on 
^^ping thle bulb into cold water the steam 
^J^'^denses, and produces a partial vacuum, 
^^ ^ piston being driven downward by the 
'^^*«88ure of the air. 

^-fc^ There are a great many modifications of 
uT^ « steam engine. They may, however, for the most part, 
» ^ reduced to two kinds: 1st, high^pressure engines; 2d, 
^^ w-pressure engines. 

The high-pressure engine, which is the simplest of the 

"X^vo forms, consists essentially of a very strong iron ves- 

^^1 or boiler, in which the steam is generated, a cylinder, 

^^ which a steam-tight piston moves backward and for- 

^^ard, an arrangement of valves or cocks, so adjusted as 

"Alternately to admit the steam above and below the pis- 

V>n, and also alternately to let it escape into the air; 

On what two principles do the different kinds of sleam engine depend J 
DoKiibe the instrument represented in Fig. 288. What are the chief 
Varieties of the steam engine J Describe the high-pressure engme. 
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and lastly, a suitable contrivance by which the oscr!^* 
dons of the piston may be converted into other kinds of 
motion, suited to the work which the engine has to p0^- 
form. 

The action of the steam in one of these machines may bo 
j^. S89. understood fi*om the annexed diagram, Fig. 289. 
Let y* be the cylinder, in which a solid piston, e, 
moves, steam-tight, and let us suppose the piston 
near to the bottom of the cylinder. The steam 
is now admitted through an aperture, a, and by 
its elastic force pushes the piston to the top of 
the cylinder. The movement of the piston-rod 
rearranges the openings into the cylinder, clos- 
ing at a particular moment a, through which the 
steam has already come, and opening &; simul- 
taneously, also, it opens c and closes d. Through 
c, from the boiler, a fresh supply of steam ar- 
rives, while it is shut off from a. This steam 
g cannot escape through d^ because that is closed 
|Si3B9 — it therefore takes effect upon the piston and 
pushes it downward, all the vapor beneath es- 
caping out into the air through b, which has 
been opened. This downward movement of 
the piston-rod rearranges all the valves, reversing the po- 
sitions they have just had. It therefbre opens a, shuts b^ 
opens d, and shuts c. Steam now comes in from the 
boiler, through a, but cannot escape through b ; it there- 
fore pushes up the piston, driving out the steam, which is 
on its opposite side, through d^ and in this way a recip- 
rocating motion is produced. 

The means of opening and shutting the apertures lead- 
ing into the cylinder at the proper moment differ in dif^ 
ferent engines — sometimes cocks are used, and sometimes 
sliding valves. 

In this engine, therefore, the piston moves in both ways 
against the pressure of the air. The steam must be ne- 
cessarily raised from water at a high boiling point, and 
hence these machines are much more liable to accident 
than the low-pressure engine, now to be described. 
The rapid condensibility of steam — a principle inti- 

Deecribe the circumstances under which the steam is alternately ad- 
mitted above and below the piston. How are the necessary apertarea 
opened and cloaed f Why must the steam be raised at high presaare 7 
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^_»itely concerned in the action of the low-pressure en- 

Si&e— may be illustrated in the fol- Fig, f90. 

'owing manner : Take a glass flask, a, 

fig, 290, and adjust to its mouth a 

wide bent tube, b, both ends of which 

are open, having previously placed a 
quantity of water in the flask. Apply 
the flame of a spirit-lamp, and bring ^j 
the water to the boiling point, contin- 
uing the ebullition until all the air is 
driven out of the flask, and nothing 
but steam remains. Then dip the open 
end of the tube into the jar, c, containing some cold wa- 
ter, and remove the lamp ; the steam in the tube will at 
once begin to condense, through the influence of the cold 
water, which soon rises over the bent poition and precip- 
itates itself into the flask, oflen with so much violence as 
to break it to pieces. 

Of the low-pressure engine we have varieties — such as 
the single-acting and the double-acting engine. In the 
former, the piston is driven one way by means of steam 
acting against a vacuum, returning the other way by the 
counterpoising weight of the machinery. The machine, 
therefore, in reality, is only in action during half its mo- 
tion. 

The double-acting engine has the steam employed to 
produce both the ascent and descent of the piston into a 
vacuum on the opposite side. It therefore works contin- 
uously. 

In expansive engines the supply of steam, instead of 
being continued during the entire ascent or descent of 
the piston, is cut ofi* when the movement is one half or 
one third accomplished. The expansion of that steam 
driving the piston through the rest of the cylinder. 

The fi)llowing is a description of the double-acting en- 
^ne : Fig. 291 represents the boiler and its appurtenances, 
^'ig. 292 the engine. 

B B, Fig. 291, is the boiler, of a cylindrical shape, the 
fire, F F, is applied beneath, W W is the water-level, 
and S is occupied by steam. At 1 1 there is a bent glass 

Give an illustration of the instantaneous condensation of steam. What 
ia the nature of the single-acting steam en|nne 7 What is meant by the 
expansive engine ? What is the double-acting engine 7 
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The puton-rod» E, is connected with tbe beam, B Ff 
working on the fulcmniy A. The connectiog-rod is F B. 

At R it is attached to the crank by a piTot, H H H, being 
the fly-wheel, the revoludoQ of which gives uniformity to 
the motion. The steam, after elevating or depressing 
the piston, passes throagh the eduction-pipe, yy, into tbe 
condenser, J, which is immersed in a cistern, L, of cola 
water. In this it is condensed into water by a jet which 
pa:»es through the injection-cock. The resulting warBO 
water is pumped out by the air-pump, O, into the hot 
well, W ; thence it is carried, by the hot-water pump, ^» 
aloQiz the feed-pipe, i /, into tbe boiler. The cold-wate^ 
pump, S, supplies the reservoir with cold water. All tH^ 
pumps are worked by the beam of the engine. Tbe sup' 
ply of steam is regulated by the governor, G, so as to b^ 
kept constant. 

The performance of steam engines is commonly esti" 
mated by horse-power. Tbe value of the power of on^ 
horse is a force sufficient to raise 33,000 pounds one focr^ 
high in one minute. 



LECTURE LV. 

Hygrometry, or the Measurement of the Quantit^^ 
OF Vapor. — Hygrometers, — Sponge and Paper Hij-^ 
grt/meters, — Saussure*s Hair Hygrometer. — Mode of 
Graduating it. — TAe Dew Point. — Process far the 
Dew Point. — DanieVs Hygrometer. — The Psychrome- 
tcr. — Process Jor Drying Gas, 

For many scientific purposes it is often necessary to 
determine tbe amount of vapor of water in the air or in 
various gases. We have already observed. Lecture III, 
that the quantity of moisture in the atmosphere is con- 
stantly changing ; and this is connected with a great nura- 
"bcr of interesting meteorological phenomena. 

Instruments have been invented with a view of giving 
iiuHications of the relative degrees of dampness of the air. 



\i\yx. re ♦T*>ne with the resulting hot water? How are the moveroents 
' ^ tUfi(n>(trft pumps and valves accomplished ? What is the value of a 
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tsontrivances paper is a very suitable substance. Thus, 
let G G, Fig 293, be a case, the front of which is of ghi»» 
^nd the sides of gauze or some other material, porviouM 
to the air; let D be the beam of a light bahuico Huwpi'ud 

What are hygroscopes or hygruiiuilora ? Mention nomo ImxIioh whu'li 
chaDge under the influeuce of moittun;. Describe the atujiigo liygruiiirln . 
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feng, h e, Fig. 395, jmsteoed at one oitremity to a screw, 

*> and at tbe other passing over a pulley, e, _^ 

being Btrained tight by a silk thread and weight, '*■''*■ 

<>■ From the puDey there goes an index which t 

plays over the graduated scale e &, so tliat, f' 

*s the pulley turns through the shortening f>r I 

Jongthening of the hair, the index moves. The I 

'"strument is graduated to correspond with | 

"'ierB by first placing it under a bell jar along- P 

*ith a dish of sulphuric acid, caustic potash, L 

^lotide of calcium, or other substance haTing I 

*ii iatense affinity for water, this absorbs all the I 

'Moisture of the air in the bell, and brings it to I 

^''aolutfl dryness. The hair, therefbre, contracts and 

^oves thepolley and its index. When this contraction is 

^mplete, the point at which the index stands 4s marked 0. 

-*^fae hygrotneter ip then placed under ajar, the interior 

**f which is thoroughly moistened with water and set in a 

^Qssel with that liquid, so as to bring (he included air to 

% condition saturated with moisture. The index moves, 

*nd when it has become stationary the point opposite to 

Mrhich it stands is marked 100°. The intervening apaco 

IB then divided into 100 equal parts, and the instrument 

U complete.' 

It is to be observed that the hair requires some pre- 
vious preparation to give it its full hygrometric Hensibility j 
this is accomplished by removicg from it all oily matter 
by soaking it in a weak solution of potash. 

As respects the nature of the indications of this instru- 
ment, it IS to be understood, that it by no means follows 
that, when the index stands at 25 or 50, the air contains 
one quarter or one half the moisture it does at 100. 
Tables have, however, been constructed, which exhibit 
ifae value of its degrees. 

A much more exact method is that known as tke pro- 
eeu for the dew point. In practice it is very siinple, and 
maybe thus described. If we take a glass of water, and, 
by putting in it pieces of ice, cool it down, after a time 
moisture vrill begin to dim the outside. If a thermometer 



Describe Ihe hair hy^roiiiGler orSausaura. I 
hair requuB X What ia to bi 



of absolme drrne 
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is immoTsed in llie water we may determine ibe predM 
degree at which iliis Jepoeit takes place; uid, knowing 
the tempemture of the external air for the time bejag, 
we can tell the Dumber of degrees through which it maai 
be t^ooled before the dew poiut (or the poiui at which 
moisture deposits) is reached. Now, when the air i» 
very moist it is neceasary to cool it very little before thi& 
eftect enaucs ; but when it is dry the cooling must ba 
earned to a corrcBpondingly lower degree. If the »ir 
were perfectly saturated the alightest depression of leta- 
poratiii'e would make the moisture precipitate. Kflow- 
mg, therefore, the dew point, the barometric pressure; 
ftnd the existing temperature, if it is required to find the 
actual quantity of moisture in the air it can be determined 
by calculation. 

Daniel's hygrometer is a very beautiful instmioe^t 



HVf.as. 




for determining the Jeff 
point. It consists of a 
bent tube, a c b, i^g- 
290, at the esEremiiie* 
of which two bulbs, a*- 
are blown ; b is made of 
black glass and a is cov- 
ered over with a piece 
of muslin. The bulb^is 
half full of ether, and Ihe 
instrument- maker cor- 
trives things so that ilie 
rest of the tube is Yffii 
of air, and contains the 
vapor of ether only. A 



e th. 



■.d. 



has its bulb dipping into 

— the ether of i. Tbereis 

also another thermometer attached to the stem of the 
inslruroeni. Under these ci re um stances, if the muslin 
cover of a is moistened with a little ether, that bulb 
bacnmos at once cooled by the evaporation, the vapor 
within it condenses and a fresh quantity distils over from 
h to supply its place. But h cannot furnish the vapor 
without Its own temperature descending, for latent heal 



How 



DcacTibe \be pioceBs for the dew point. 
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an 



i» requirei] before the vapor can form. After a time, 
fterefore, through the cooling agency dew begins to 
^epoait on the black glass, and tho point at which this 
ttkea place is determined by the included thermometer. 

The piychrometer consiBts of two delicate mercurial 

"Wmometers divided into fractions of degrees, and cor- 

iMpooding perfectly with one another. The bulb of one of 

"win.A.i^f^. 297, is covered with muslin, that of the other, 

B| ia left naked. On the central pillar there is arranged 

* reservoir, "W, of distilled water, from which a tbfead 

P*iw« to the muslin of A, and keeps it constantly moist, 

** the water evaporates from this bulb the mercury 

■■egios to fall, and the drier the air the greater the de- 

■cenL Ah soon as the air round the bulb is *\r.»T. 

"acurated with moistui-e tho point at which _ C 

y>e mercury stands is the dew point. If H| T 

•Kith thermometers, the damp and the dry, 

(Coincide, the air contains moisture at its , 

tuximuni density, and the greater the dif- , 

■Wence between them the dryer the air. 

For many purposes in chemistry and phy- ^ 
lical science it is necessary to remove all ^ 
moisture from atmospheric air and from i 
gases. This may be done by conducting ^ 
uem through tabes containing bodies which < 
have a strong attraction for water. The bodies i 
monly selected for this purpose jvy.sea 

are chloride of calcium, hydrate of 
potash, phosphoric acid, and frag- 
ments of glass or quartz moistened 
vdih oil of vitriol. The process is 
as represented in Fig. 298, where 
a is the flask from which the gas to 
be dried is evolved, b a bent tube 
which conducts it into a wider tube, 
absorbent material. It escapes from d 



Deicriba (he jwrchroii 



t escapes 
Why d 



, containing the 

I a dry state. 
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LECTURE LVI. 

fiiji€2(KTiSM. — Hke Loadstone. — Artificial Magnets. — Po- 
larihf. — TroMsmiuion of Effect, — The Poles and Axis* 
— MagnHic Cmrves. — Law of Attraction €Md Repulsion. 
— Trmmsient Magnetism oflnm. — Termanent Magnet- 
ism if Steel. — Imdmctd Magnetism. — Law of ZHminu- 
tiom.—SimMltaMeous Existence of Polarities. — Processes 
Jvr Imparting Magnetism. 

Mant centuries ago it was discovered that a certain 
ore of iron, which now passes under the name of the mag- 
net or loadstone, possesses the remarkable quality of at- 
tracting pieces of iron. Subsequently it was found that 
the same power could be communicated to bars of steel, 
by methods to be described hereafter. 
JV> 999. Bars of steel so prepared pass under the name 
of artificial magnets, to distinguish them from the 
natural loadstone. When they are of small size 
they are commonly called needles. A magnetic 
bar bent into the shape represented in Fig. 299, 
Is called a horse-shoe FSg. aoo. 

magnet, and several C 

magnets applied to- g f[ti jj 

gether take the name 
of compound magnets, or a 
bundle of magnets. 

The Chinese discovered 
that when a magnetic needle 
is }>oised on a pivot, as in 

What » tbe nukgnet or kMidstooe? What are artificial magnets? What 
are Decdlea ? What la a hoiae*ahoe magnet f 





. a: finocso :ii. xraxr: r 



*3iiKi:ii. !)f 'M ELCTiF. i.i: ir;n. is 
*iii t Eta* tif irrt -.'.■ piiijfT- e^rrci 
^needle insiaiiiJT inrTe* ;: mpf 

If B atr EJtr^t: if ;>r;ii;rii: wt 
iPM-fihi:ES. tilt ir:iE wLl ew huptwh 

TLm t'nes* rfi-Kf tiif T'lart ;r.r 

Ii'jbed. A cuEiitiTT ;if iriit-fiiincf : 
slssG. if ■ jEfiraPT ":■*■ ETTT-iariiei : 
low its niTttittns. Eu; if e 7'':L.!e 
mftGTWtic inflneiK* is iL:m^«: wb:i'.;; 

The power c>f g m&ciit:;: 'iisr if 
There is a poin; faniBte-:: i.?i.r e 
to be the focus of aeti'T. T;. :b« 
^o/m are given, and liie -i^e y-:v 
axis. 

If B bar mseDet be rc>'.'ei in 
iron-fi1in[!9, ihev attach ibera- 
aelTes for the most pan at tbe 
two poles, d d. Fie. 301 : or, 
if such a bar be placed under a sheet of 
the surface of which 
filings are dti5led 
they arrsnce them 
oelTes ia curved lines 
uahoHninfif 302 
which arc Gymmetn 
callj situated as re 
spectB the poles P P 
when a magnet is 
freely suspended it 
arranges itself nonh 
snd south, as has been stated To that i>nlo which in 



^ .->t :i ticiic .1: 



4m 




How msy the polarity of ■ nrfdle be «howii f How 1 
for iroD be ahown I Proro thnt tliP»o cflrcls tskn plnrn I 
not through iron. Ia thn niBmrtie power mimlly iliirii« 
Wh»t »m the pole* I Whiil i» Iho mil T How miiT H I 
hIu in the loci of iclion r llownsy llio niBincliccui 
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ward the north the name of north pole is given, the ot 
is the south pole. 

When, instead of presenting to a suspended ne--*^ 
piece of iron, we present to it another magnet, ph 
ena of repulsion as well of attraction ensue — if th€ 
pole of one be presented to the north of the other, 
Bion takes place, and the same occurs if two soutl: 
are presented. But if it be a north and a south pol 
attraction takes place. 

These results may be grouped together under th 
pie law — " Like ptdes repd and unlike ones attract^ 

There is, therefore, an antagonization of effect be 
opposite magnetic poles. If a key be suspende 
magnet by its north pole, on the approach of the 
pole of one of equal force the key drops off. 

If we examine the force of a magnet, commen 
either of its poles and going toward its center, 
tensity gradually declines. It ceases altogether 
midway between the poles. This point is termi 
point or line of magnetic indifference. 

Magnetism may be excited in both iron and ste 
tlie former with greater rapidity, in the latter more 
ly. The magnetism which soft iron has received 
stantly loses on being removed from the source wh 
given it magnetism; but steel retains its virtue j 
nently. Soft iron is, therefore, transiently — ^harc 
permanently magnetic. 

When a mass of iron is in contact with the pol« 
magnet, it obtains the same kind of magnetism as tt 
vi\\h which it is in contact throughout its whole mat 
can, in the same manner, communicate a similar c 
to a second mass brought in contact with it; and t 
a third, and so on. Thus, if from the pole of a ma 
key be suspended, this will suspend a second, and 
third, &c., until the weight becomes too great for the 
net to hold. If, having two or three keys thus su: 
cd, we take hold of the uppermost and gently slide 
the magnet, the moment it is removed the keys 
apart, showing the sudden loss of power in soft iro 

What is the general law of magnetic attractions and repulsions 
does the intensity vary in a magnet ? When is the point of mag 
diflTorence ? What is the difference between the magnetism of stce 
of iron f IJlostrate the commuDication of magnetism. 
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Bat a mass of iron can receive magnetism at a distance 
bom Mie magnet itself. To this phenomenon the Fig. 303. 
mBB of induction is given, and the distance through 
effect can take place is called the mag- 
vhere. The general effect of induction 
hibited by bringing a powerful magnet 
je key, as in Fig. 303, when it will be 
lie large key will support smaller ones ; 
. as it IS removed from the influence of 
these all drop off. 
lagnetism is thus induced by the action of a 
. that end of the disturbed body which is near- 
pole has an opposite polarity ; but the farther 
e same polarity as the disturbing pole. 
C6 of magnetic action varies with the distance, 
in proved by Coulomb and others, that the in- 
magnetic action is inversely proportional tn the 
the distance. At twice a given distance it is, 
one fourth, at three times one ninth, &c. 
agnetic polarities must always simultaneously 
"e can never have north magnetism or south 
1 alone. Thus, Fig.^sA. 

3 a long mag- N S 

Fig. 304, and I I 

1 two, we shall ^ , ^ ^J^ 

ate the north | v r 1 

1 one half and ' ' ^ * 

in the other, but each of the broken magnets 
3rfect in itself, having two poles— one fragment 
S' and the other N" S ". 

the poles of a magnet are polished, and covered 
)th plates of iron, the magnet is said to be armed. 
9 of soft iron which passes from pole to pole of 
loe magnet is called a keeper. The power of a 
3 measured by the weight its poles are able to 

are many different ways in which magnetism 
oiparted to needles or steel bars, as, for example, 

38 place when a large key suspending several small onos^ is re- 
in the magnetic atmosphere f What is induction? What is 
» of the induced polarity? How does the force of magnetic 

XioD >a./ ? Can one species of magnetism be separated from the other ? 

^hat ii meant by a magnet being aimed 7 What is a keeper 7 



'^(^ ('OMAIUNICATION OF MAGHETISM. 

!iv contact, liy induction, by certain movements. Bj^ ^^ 
:ud n" voitaic currents, hereafter to be described^ t" 
most intense magnetic power can be communicated. 

Tlie nrocesa ut magnetization by the tingle touch is th^ 
in vviiicii we place one pole of a magnet in the middle of 
the «ceel bar, and, drawing it toward the end, then lifting 
it ip in the air return it to its former position, and repeat 
the movement several times. The magnet is now to be 
reversed, and in that position moved to the opposite end 
of the bar, lifted up in the abr, replaced, and the move- 
ment many times repeated. The bar thus becomes a 
magnet, each end having a pole opposite to that by which 
it was touched. Or we may place two magnets with 
their opposite poles in the middle di the bar, and then, 
drawing them apart in opposite directions, the same 
result arises. A still more powerful magnetism may be 
given if the bar to be magnetized is laid on the poles of 
two magnets, so that the contrary pole of the magnets 
and bar coincide. 

In the double touch two bar-magnets are so tied to- 
gether that their opposite poles may be maintained a 
short distance from one another. This combination is 
then placed on the middle of the bar to be magnetized, 
and drawn toward its end ; but as soon as it reaches that 
feithout passing over it, it is returned to the other end 
with a reverse motion, and then back again ; and after 
this has l>oo.n done several times the process is ended by 
drawing iho combination off sideways, when it is at the 
middle of tlie bar. 



IVK*.nbr jH^nto of the methods by which magnetism may be imparted. 
Doccribe the process by single touch. What is that by double touch ? 
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LECTURE LVII. 
TtUBTKtAL Masnetism. — ilfarinw'* Compax). — Mag- 
StAe Variation. — Lines /^Equa I Declina lion . — Dippinii- 
JfwdU. — Line* of Equal Dip. — Magnetic Terratriiil 
Pak*. — The Earth's Inductive Action. — Lines of Equal 
■ Lstennty. — Magnetometers. — Secular and Diurnal Va- 

riation. — Lregiiar Disturbances, — Terrestrial Magnet- 
ism Aie to tie Heat of the Sun. 

Wbkh' a magnetic needle ia Buspended on a pivot no 
u to have freedom of motion faorizontally, it sets itself 
nesrly in a direcdon north and south, and constitutes a 
Gompaaa. 

In the mariner's compass a light card is attached to 
tho needle; on it there is drawn a circle divided into thirty- 
two parts. This accompanies the motion of the needle, 
and as the instrument is constantly liable to be thrown 
into a rariety of positions by the motioos of the ship, it is 
snpported in gymbals, as shown in Fig. 309. This con- 




trivance consists of two pur of pivots, E E, F P, set 
upon rings at right angles to one another, and the bottom 

What u a compiss I How U the marinK'i eompaM arranged T Wliiit 



^ iMfJ 't ie immaterial wbat 

" *'','j«>*T« sets itself with the card 

■ ■" '^'1' ftvaiioaallj the box is accom- 

.. ■'■■•'[ ff}E 

-" '"'^L^^"' ^'* shown that the magnetic 

.■■"*^"^,^^r"j""g°'^"''yn*>'^»"d south, 

,^.'*'*^. ^nnmi rwsirions, on the earth's surface. 

.1-'^ ^g^ I oifX ?^es a declination or variation 

nc it'Se true point. If the places in 

I ieuiination be coonected together, the 

I ^m is called a line of no declina' 

u ■~KK are two, one the American and 

** jw '" ■•=*'""■■ These have a general direction 

"II' iw -'( -^ual J«k-ItD3tion we mean thoae lines 

'^^.■BTouiiii I'l'avTfS where the amount of declina- 

TTliirfi- ''"ley irw -rreeular in their form, but have 

_j..ji .u T-iv Tiu^a^j: fv>;«9. The position of these, 
"»»■.'* ::iif i'nuer '.i::i». is not stable : it varies in 



a horizontal axis, i 







,niM iwint accurately north and sD-jth? Whit iaa 
lluw miny'tolhere! Whatii theirdirectiooT 
d, .iucUutloa ! Are these leEUlu cunn r 
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to move in a vertical plane, it constitutes a dipping-needle, 
of wliich a representation is given in iw>. 306. The 
points of the needle, N S, traverse over a circle divided 
into degrees, and the angle which such a needle makes 
with a horizontal line is the angle of the dip. In the 
northern hemisphere the north pole dips ; near the equa- 
tor tbe needle has no dip ; and in the southern hemi- 
sphere the south pole dips. 

The dip of the needle was first discovered by Norman, 
who noticed that, after a manner's compass-needle was 
magnetized it lost 'its borizontality, and required a little 
wax or some small weight on the opposite side to restore 
it to its true position. 

The dip of the needle differs in different places. Those 
pointfl of the earth where there is no dip being connected 
together by a line, give what is termed the magnetic 
equator. It is a very irregular curve which cuts the 
geographical equator in two places, so that in the western 
hemisphere it is south of the equator, and in the eastern 
north. Lines which connect places where the dip is 
equal are called lines of equal dip ; they observe a gen- 
eral parallelism to the magnetic equator. 

All the magnetic phenomena exhibited by the earth in 
their general featui*e8 answer to what ought to take place 
were the eaith itself a great magnetic mass, with its poles 
near, but not coincident with the geogi*aphical poles. On 
this principle the polarity and the dip of the needle are 
both readily explained. Of course the north pole of the 
eartk possesses analogous properties to the south pole of 
the suspended needle, and vice versa. Formerly it was 
believed that there existed two terrestrial poles in each 
hemisphere; but there is reason now to suppose that 
there is but one. That in the northern hemisphere was 
reached by Sir James Ross in 1833. 

This general similitude of the earth's action to that of 
a magnet is still further borne out by the inductive influ- 
ence of the earth. This may be shown in a very striking 
manner, by taking a bar of soft iron and bringing it near 

What is a dipping-needle ? How does it act in the north and in the 
south hemispheres? How was the dip first discovered? What w the 
magnetic equator r What is its course? What are hnes of equal dip T 
What do the phenomena of terrestrial magnetism answer to? How 
many magnetic poles are there ? Has the magnetic pole ever been reached T 
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a. suspended needle. So long ae tbe bar is in a l.oi'izon- 
tal position, and at right angles to llie middle of the nee- 
dle, the latter is unafl'ectod; but, on turning the bar, bo 
that its length may coincide with the line of dip, its lower , 
pole will repel the north pole of the needle, showing tbat 
it has north polarity ; but it will attract the soutb pole. 
And this condition remains so long as the bar remains in 
its position 1 but, on turning it over, and reversing its po- 
sitiun, its magnetism ia instantly reversed, showing tbat 
the whole action is due to the power of the eartb. 

Like the declination and the dip, the absolute intensity 
of the earth's magnetism varies very much in different 
placca ; at the tnagnetic equator being most feeble, and 
gradually increasing as we go the poles. Lines connect- 
ing places where the intensities are equal are /i'nc« of equal 
mtemnty. This absolute intensity ia estimated by tbe num- 
ber of oscillations which a magnet makes in a given time, 
being thus dii-ectly as tbe number of oscillations made in 
one minute. The declination-needle gives us, by its os- 
cillations, a measure of that portion of terrestrial magnet- 
ism which acts horizontally, the dipping-needle tbat wbi^h 
acta vertically; but it may be ehowu that the effect of 
either of these is proportional to the absolute intensity. 
To measure ihose effects, instead of small and light nee- 
dles being used, bars of aeveral pounds weight are em- 
ployed. They are called magnetometers. 

The declination, the dip, and the intensity all undergo 
variations at the same place ; some of which are regular 
and othera irregular — some occurring through long pe- ' 
riods of time, and othera at sboit intervals. In tbe year 
1G57, tbe declination needle pointed due north in Lon- 
don ; it then commenced moving westward, and contin- 
ued to do so til! the close of last century. Its variation 
is now decreasing. The daily variation consists of an os- 
cillation eastward or westward of the mean position, the 
amount of which varies with the tiroes of the day. and is 
different in different places. Generally the greatest dec- 
lination eastward ia between six and nine in the morning, 

How may thaeorth'r! inciuclivo action be eatablished by oiperimenlT I» 
tha sbBoiule inlensily voriobla ? How ia it eslimated ? What do the decli- 
nalion and d ippinf -need lea respectively indicate ' What are magnotonie- 
ters T Are tbe dKlination, diu, snd ititetisiiy coaslant in amount X What 
TOiisliona huve been observed m tbe needle at Loadon T 
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and westMrard about one in the afternoon, returning to- 
ward the east until eight P, M. It is never more than a few 
minutes ; and the needle is stationary at night. Changes 
in the weather and the occurrence of storms and clouds 
have also an influence on the needle. The dipping-nee- 
dle exliibits similar phenomena; and, as respects the in- 
tensity, it is greater in the evening than the morning, and 
is less io summer than in winter. 

Besides these, there are regular disturbances of the 
earth's magnetism — such, for instance, as those arising 
from the aurora Borealis, which will sometimes deflect 
the needle several degrees. Over very extensive areas 
simultaneous disturbances have been noticed, it having 
been established that the minute and irregular variations 
take effect at the same instant in places at great distances 
apart. 

There can be no doubt that the magnetism of the earth 
is very intimately connected with the calorific action of 
the sun. Thus, the lines of equal dip closely correspond 
' to the lines of equal heat — the northern magnetic pole 
nearly coincides vdth the point of minimum heat on the 
earth's surface. The diumsJ variations, in some measure, 
follow (he temperature, as the sun shines on diflerent parts 
in succession; and the same connection with inequality 
of heating is traced in the annual variation. When we 
come to describe thermo-electric currents — currents ex- 
cited by heat — and trace the eflect of these currents on 
the suspended needle, we shall have a clearer idea of the 
nature of these obscure phenomena. 

What are the diunial yariations ? At what periods do they occur? What 
influeQce does the aurora borealis exert ? What reasons have we for sup- 
posing that the magnetism of the earth is connected with the calorific ac- 
tion (n the son ? , 
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LECTURE LVIIL 

Electricity. — First Discoveries in Electricity. — Leading 
Phenomena. — Conductors, Non-conductors, and Insula' 
tion, — Thoo Kinds of Electricity. — Vitreous and Foti- 
tivCf Resinous and Negative. — Law of Electrical Attrac- 
tion and Repulsion. — Plate Machine, — Cylinder Ma- 
chine. — Miscellaneous Electrical Experiments, — Tht 
Two Theories of Electricity. 

More than two thousand years ago it was discovered 
that when amber is rubbed it acquires the property of 
attracting light bodies. This incident has served to give 
a name to the agent whose operations we have now to 
explain, which has been called electricity, from rfXexTpov, 
a Greek word, signifying amber. 

A great number of other bodies possess the same qual- 
ity ; among these may be mentioned glass, sealing-wax, 
resin, silk. They, too, when rubbed, can attract light 
substances, and, when the excitement is vigorous, emit 
sparks like those which are seen when the back of a cat 
is rubbed on a frosty night. It is not improbable that it 
was from observing this singular phenomenon that the 
Egyptians were induced to regard that animal as sacred. 

If a piece of brown paper be thoroughly dried at the 
fire until it begins to smoke, and then rubbed between 
woollen surfaces, it will emit sparks on the approach of 
the finger, attract pieces of light paper, and then repel 
them. This latter phenomenon is not, however, peculiar 
to it, but is noticed in the case of all highly-excited bodies. 

When were electrical phenomena first observed ^ What circum- 
stance has given to this agent a name ? Mention some other electrics. 
Wliat experiments may be made with dry brown paper ? 
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Electrified bodies, therefore, exhibit repulsions as well as 
tttractioos. 

Let there be tdken a glass tube, a h, Fig. 307, an inch 
in diameter and a foot or Fig.im. 

^ote long, closed at the end, g h 

^1 by means of a cork, into ■■ ^ ^t ^ Q C 

'^hich there is inserted a wire 

**^jth a round ball, c. If the tnbe be excited by rubbing 
^ith a {Hece of dry silk it may be shown that not only 
^oes the space rubbed possess the powers of attraction 
?^ repulsion, but also the coHc and the ball. Nor does 
H matter how long the wire may be, the electric power is 
U^nsaitted through the whole of the metal. A metal, 
theref(M«, can conduct electricity. 

But if, instead of a piece of metal, we terminate the 
lass tube with a rod of glass or sealing-wax, or hang a 

1 to it by a thread of silk, in all these cases the electric 
power cannot pass. Such substances are, therefore, non- 
conductors of electricity. 

A^en electricity is communicated to a body which is 
supported on any of these non-conducting substances, its 
escape is cut off, and the body is said to be insulated. 

From a sldk thread which is fastened to a stand, c. Fig, 
308, let there be suspended a feather, b; let Jix^.sos. 
this be electrified by a glass rod, a, highly ex- ~ 
cited. The feather is at first attracted and 
then repelled. On the approach of the exci- 
ted glass it instantly recedes, attempting, as 
it were, to get out of its way. Now, instead 
of the glass rod, a^ let us present a stick of 
excited sealing-wax, or a roll of sulphur — the c^f^ 
feather is instantly attracted, and, therefore, this remark- 
able experiment proves that the electric virtue which ema- 
nates fix>m excited bodies is not always the same, and that 
a body which is repelled by excited glass is attracted by 
excited wax. 

Extensive inquiry has shown, that in reality there are 
two i^ecies of electricity, to which names have therefor^ 

What retults may be »hown by the instrument, Fig. 307 ? How may it 
be shown that metals conduct electricity ? How may it be proved that 
other bodies are non-conductors ? What is meant by insulation ? Prove 
that there are two diflferent sorta of electricity ? What names have been 
given to them ? 

N 
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been given. To one — because it anses from the friction 

of glass — vitreous elcclricity ; and to the ollior, wliicb 
arises under similar circumstauces from wi 



1 



a another, 

as respects altraction and repulsion, constitute the fiinda- 
mental law of this depanmeut of Bcience. That general 
law, briefly expressed, is — " Like electricities repel and 
unlike ones attract." That is to say, two bodies which 
are bodi vitreously or both resinously electrified, will re- 
pel each other; but if one is vitreous and the other res- 
inous, attraction takes place. To the two different species 
of electricity syoonyinaus designations are sometimea ap- 
plied. The vitreous is called positive, and the resinons 
negnlive electricity. 

For the sake of observing electrical phenomena more 
Fig. 309. readily, instruments have been in- 

vented, called electrical machinea. 
They are of two kinds : the plate 
md the cylinder ; they 
ir names fi*om iheshape 
a of the glass employed to yield the 
^electricity. The plate machine, 
Fig. 309, consists of a circular 
plate of glass, a a, which can he 
turned upon an axis, b, by means 
of a winch, c; at (f is a pair 
uf rubbers, which compress iho 
s between them, and a piece 
r the glass plate, as shown \A e ; 
' the sai 




nl is the gmetat law or el 
D«>crib« ths cylmiler m 



the opposite side of llie 
plate, there is another pair 
of rubbers. </, and an oiled 
silk, c ; J"\s the prime con- 
duLtni, which gathers the 
electricity as the plate re- 
vol\ea Itmust besupport- 
ed on an insulated stem. 
The cylinder machine is 

latlrociion em! refinlBlon? WhM 
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represented at Fig, 310. It consists of a glass cylinder, 
a a, so arranged that it can be turned on its axis by the 
multiplying: wheel, h h. The rubber bears against the 
glass on the opposite side to that seen in the figure, and 
the oiled silk is shown at c/ d is the prime conductor, 
usually a cylinder with rounded ends, naade of thin brass, 
and e its insulating support. 

Of these machines the plate is commonly the most pow- 
erful' It is more liable to be broken than the cylinder, 
from the disadvantageous way in which the power to 
turn it round is applied » 

To bring an electrical machine into activity, it must be 
thoroughly dried ; but a plate machine should never be set 
before the fire to warm, or it will almost certainly crack. 
The rubbers are to be spread over with a little Mosaic 
gold, or amalgam of zinc, and the stem of the conductor 
xnade dry. If the rubbers of the machine are not in con- 
nection with the ground, there must be a chain hung from 
them to reach the table. Then, when the instrument is 
in activity, on presenting the finger to the prime conductr 
or a succession of sparks is emitted, attended with a crack- 
ling sound. 

A great many beautiful experiments may be made by 
the aid of this machine. They are for the most part il- 
lustrations of the luminous effects of the spark, attractions 
and repulsions, and certain physiological results, as the 
electrical shock. 

If there be pasted on a slip of glass a continuous line 

of tin foil, as shown in Fig, 311, ^^s- 31L 

and then letters be cut out of it o 

6 




with a sharp knife, on present- ^ 

ing the ball, G, which commu- %mmammmmHamBaaimA 
nioates with the tin foil to the prime conductor, and touch- 
ing the point, a, with the finger, the electric fluid will run 
alone the metallic line, leaping over each interspace, in 
the form of a short but brilliant spark, and marking out 
the letters in a beautiful manner. 

A tube several feet long, vdth a ball at one end and a 
Btop-cock at the other, is to be exhausted of air. On pre- 
senting the ball to the prime conductor, the electricity 

Which of the two is more powerful 1 How are ihey brought into ac- 
tion 7 How may words be written by the electric spark 7 What ph^ 
nomena are exhibited by an exhausted tube 7 
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paaaca down die wliole length of the exhausted tube as a 
pale mllkv flame, but giving- now and then brilliaDt flashes, 
especially when the tube is touched. Tho phenomeDon 
has some resemblance to thai of the Northern lights. 
«(- *■*■ Between two metallic plates, a b. Fig. 312, af 
which a is hung hy a chain to the prime cOQ- 
ducioT, and b supported on a conducting stand, 
some figures, made of paper, pith, or other 
flight body, be placed. The plates maybe three 
r four inches apart. On throwing the machine 
nio activity the figures are alternately attracted 
and repelled, and move about with a dancing 
i moti<H>. 
a bras* rod, a e b. Fig. 313, which may be hung 
Fit 313. by an arch, ff, to the prime conductor, 

^y~\ 1 three bells are suspended — two from a 
C^^L^P^^^ and /i bv chains, and the middle one, 
I c, by a silk thread — between the bells 

j L( J two little metallic clappers, <fe, are hung 

*i- c i ^ 1 1 ^ by silk, and from the inside of the mid- 
^ ^ dJebel! a chain, _/, hangs down upon tho 
table. On setting the electrical machine in activity, the 
cla|>pcrs commence moving and ring the bells. This in- 
strument has been employed in connection with insulated 
lightning-rods, to give warning of die approach of a thun- 
der-cloud. 

To account for the various phenomena of electricity, 
two theories have been invented. They pass under tho 
names of Franklin's theory, or die theory of one fluid, 
and Dufay's theory, or the theory of two fluids. 

Franklin's tlieory is, that there exists throughout all 
space an ethereal and elastic fluid, which is characterized 
by being self-repulsive — ihat is, each of its particles repels 
the others; but it is attractive of the particles of all other 
matter. To this the name of electric fluid has been given. 
Different bodies ai'e disposed to assume particular or Bpo- 
cifiequantitiesof this fluid, and when they have the amount 
that naturally belongs to them, they are said to be in a 
natitral state or condition of eqvilibriitm. But if more than 
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the natural quantity is communicated to them, they be- 
come poskivd^ electrified; and if they have less than their 
nataral quantity^ they are negatively electrified. 

The theory of two fluids is, that there exists an ethere- 
al medidm, the immediate properties of which are not 
known. It is composed of two species of electricity — 
tfae positive and the negative — each of these being self- 
repellent, but attractive of the other kind. Bodies are in 
a neutral or natural state or condition of equilibrium^ 
iRrhen they contain equal quantities of the two electrici- 
ties ; and they are positively electrified when the positive 
IB in excess, and negative when the negative is in excess. 

Of these two theories^ it appears that the latter will ac- 
cooDt for the greater number of phenomena. 



LECTURE LIX. 

Induction, Distribution, and Measurement op Elec- 
tricity. — Electrical Induction, — The Ley den Jar, — 
Its Effects, — Dr, Franklin's Discovery, — The Light- 
ning-Kod, — Distribution of Electricity, — Pointed Bodies, 
— Velocity of Electricity, — Modes (f Developing Elec- 
tricity. — Zamboni*s PUes, — Perpetual Motion, — Elec- 
tro8copes,~^Electrometers, 

By electrical induction is meant that a body, in an 
electrified state is able to induce an analogous condition 
in others in its neighborhood without being in immediate 
contact with them. 

This effect arises from the general law of attraction and 
repulsion ; for the natural condition of bodies is such that 
they contain equal quantities of positive and negative elec* 
tricity ; and, when this is the case, they are said to be in 
the neutral state, or in a condition of equilibrium. 

When, therefore, an electrified body is brought into 
the neighborhood of a neutral one, both being insulated, 
disturbance immediately ensues: The electrified body 
separates the two electricities of the neutral body from 



What 18 Dufay's theory ? How does it account for the corresponding 
■Utee of bodies ? What is meant bj electrical induction ? What is the 
natiml eoodition of bodies 7 How does an electrified body disturb a ueu- 
traioneT 
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each oiher, repelling that of the Bame kind, and attract-- 
ing that of the opposite. Thus, if a body electrified pos- 
ilively be brouolit near one that is neutral, the positire 
electricity of this last is repelled to the remoter part, but 
the negativo is attracted to that part which is nearest the 
disturbing body. 

The Leyden jar. Fig. 314, is a glass jar, coated on the 
ng, 314. iaside and outHido with tin foil to witliin an 
D inch or two of the edge. Through the cork 

I which closeB the mouth a brass wire reaches 

^^Si down, 80 as to be in contact with the inside 
■&l^| coating, and terminates at its upper end in 
Hflnl a ball. On connecting the outside coating 
^H^lll with the ground, and presenting the ball 
^^IH to the prime conductor, a large amount of 
M^H|P^ electricity is received by the machine ; and • 
- ■ - — if it be touched on the outside by one hand, i 
and comtnuni cation be made with the ball by the other, 
a very bright spark passes, and the electric efaock is | 
felt. , 

The mechanical effects of lightning rnay be represented 
in a small way by this instrument. On passing a strong 
shock through a piece of wood it may be tora open, and 
other resisting media may he burst to pieces. The shock 
passed through a card perforates it. 

Dr. Franklin discovered the identity of lightning and 
electricity. He established this important fact by raising 
a kite in the air during a thtinder-storra. The string of 
the kite, which was of hemp, telminated in a silken c»H-d, 
and at the point where the two were attached a key was 
hunir. The electricity, therefore, descended down the g^ 
hempen string, but was insulated by the silk, and on pre- 
senting a finger to the key, sparks in rapid succession 
were drawn. It is on this fact that the lightning-rod 
fortheprotectionofbUildingsdepends. A metallic rod pro- 
jects above the top of ihi? building, and descends down 
to a certain depth in the ground, offering, therefore, a free 
passage for the electric fluid into the earth. 

When electricity is communicated to a conducltng 

DeBCribfllhe Leyden jar. How is il charged and diacharB«lT Whil flf- 
feet, mnybe produced by it ! How and bv whom wo, the iimiHj of 
Iri " "'■"''"'^ proted 1 Whsi as ito principle of Ibe lisbnuns- ' 
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body it resides merely upon the surface, and does not 
penetrate to any depth within.- In the case of spherical 
bodies, this superficial distribution is equal all over; but 
when the body to which the electricity is communicated 
is longer in one direction than the other, the electricity 
is chiefly found at its longer extremities, the quantity at 
any point being proportional to its distance from the 
center. 

These principles may be very well illustrated by taking 
a long strip of tin foil, so arranged as to be rolled and un- 
rolled upon a glass axis, and connected with a pair of 
cork balls, the divergence of which shows its electrical 
condition. If, now, to this, when coiled up, a sufficient 
amount of electricity is communicated to make the balls 
diverge, on pulling out the tin foil, so as to have a larger 
suiiace, they will collapse ; but on winding the foil up 
again they will again diverge, showing that the distribu- 
tion of electricity is wholly superficial, and that when a 
given quantity is spread over a large surface it necessa- 
rily becomes weaker in effect. 

In the case of pointed bodies, the length of which is 
very great compared with their other dimensions, the 
chief accumulation of electricity takes place upon the 
point. When a needle is fastened upon a prime con- 
ductor, this accumulation becomes so great that the fluid 
escapes into the air, and may be seen in the dark in the 
form of a luminous brush. Or if, on the other hand, a 
needle be presented to a prime conductor it withdraws 
its electricity from it, and the point becomes gilded with a 
little star. 
^ The electric fluid moves with prodigious rapidity. It 
has a velocity greatly exceeding that of light. In a cop- 
per wire its velocity is 288,000 miles in one second. 

There are many different ways in which electricity 
may be developed. In the processes we have hitherto 
described it originates in friction. And, as one kind of 
electricity can never make its appearance alone, but is 
always accompanied with an equal quantity of the other. 

Does electricity reside on the surface or in the interior of bodies ? How 
is its distribution dependent on their figure ? How may it be proved that 
electricity is distributed superficially? What is the effect of pointed 
bodies'? How may a brush and a star of light be exhibited ? What is the 
"Velocity of the electric fluid ? By what processes may electricity be devel- 
oped? Can one kind of electricity be obtained without the other ? 
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we uniformly finil that tte rubber and the sarface nibbfil 
are always in opposite HEatcs — if the 
other is negative. It is on this principle ihal many n 
chines are furnished with meaiiB of collecting the floiit 
firom the prime conductor or the rabber, and, therefore, 
ofublainiiig the posilive or negative electricity at pleas- 
ure. 

Electiicily may also be developed by heat. The tour- 
maline, a cryBtalized gem, when warmed, becomes posi- 
tive at ore end and negative at the other. Changes of 
form and chemical changes of all tinda give ria© 1o elec- 
tric development. 

Zarabom's electrical piles are made by pasting gnld 
leaf on one side of a sheeE of paper arid thin sheet zinc 
on the other, and then punching oat of it a number of 
circular pieces half an inch in diameter. If several thou- 
sands of these be packed together in a glass tube, so that 
their similar metallic faces shall all look the same way, 
and bo pressed tightly together at each 
end by metallic platos, it will be found 
that one extroraily of the pile is positive 
and the other negative ; and that the ef- 
fect continues for a great length of time. 
Fig. 315 represents a pair of those piles, 
arranged so as to produce what was, at 
one time, regarded as a perpetual motion. 
Two piles, a b, are placed in such a po- 
sition that their poles are reversed, anil 
between them a ring or light ball, c, vi- 
brates like a pendulum on an axis, il. It 
alternately attracted to the one and then to the other, | 
id will continue its movetnents for years, A glass shade 
placed over it to protect it from eitemal disturbance. 
The purposes of philosophy require mcana for the 
■"'" ' iirement of electricity. The instru- 

3 are called electroscopes and elec- 
of different kinds. 

lis, a a. Fig. 316, suspended by cot- 
hang parallel to one another, and be 
with the ball, b, furnish a sim- 




ments for thi 
trometers; they a 
A pair of cork 
ton threads so as 
in metallic 
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pie inBtrument of the kind. If any electricity \b c 
nicBted to fi, the baUe participate in it, and aa "' 
bodies electrified alike repel, tlicee recede 
from each other. The amount of their diverg- 
ence G^vea a rough estimate of the relative 
quantity of electricity. All delicate electrome- 
ters should be protected from currents in the 
air bymeansof a glasscylinder orshade, asc c. <■ ' ■ ■■■^ 

The gold leaf electroscope differs from the foregoing 
only in the circumstance that, instead of a pair of threads 
and cork balls, it has a pair of eold leaves, the good con- 
dueling power and extreme flexibility of which adept 
them well for this purpose. f^r- 3n^ 

The quadrant electrometer, F^g. 317, is formed 
of an upright stem, a b, on which is fastened a 
graduated semicircle of ivory, c, from the center A) 
of which hangs a cork ball, d. As this is repelled ^ 
by the stem the graduation serves to show the 
number of degrees. But no quantity of electricity 
can ever drive it beyond 90° ; and, indeed, its 
degrees are not proportional to the quantitie: 
electricity. 

The best electrometer is Coulomh's torsion elec- 
trometer. Fig. 318, of which a de- Kj-sia 
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The best electroscope is Bohnen- 
Verger's. It consists of a small dry 
pile, a b. Fig. 319, supported hori- 
xontally beneath a glass shade, and 
Rg.Wi. from its extremities, 
a b, curved wires 
pass, which terminate 
in parallel plates, p 
m. One of these is, , 
therefore, the posi- 
tive, and die other 
the negative pole of 
the pile. Between 
thetn there hangs a 

De»cribe the cork-ball electroscope. Describe Iho gold-leaf i 

WhUii thequadrart electrometer t Which " ■^- "^ 

Which )■ tbs beM el«ctnK«v« t DeKilba it. 
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gold leaf, d g, which Is in metallic com muni cation wilt tlie 
plate, on, by means of tlio rod,c. If the leaf hangsequally 
between the iwti plates, it ia equally attracted by each, and 
remains motionless ; but on comraunicatinff the slighleat 
trace of electricity lo the plate, o n, tlie gold leaf instantiy 
moveB toward the plate which hae the opposite polarity. 



LECTURE LX 
THBVoLTAtcTJATTEBir.— TAeToiiflicPjVc. — TJie Trough. 
— Greve'i Battery. — Phenomena of the Battery. — 
Sparks. — Incandescejtce. — DecompositioH of Water. — 
Eleclromotiee Fime. — Resistance to Condttction. — Power 
of the Battery^Phenomeaa of a SimpJe Circle. 

Tne Toltaic pile has a very close analogy in ita con- 
struction with the dry piles juat described. ' It consists of 
a series of zinc and copper plates, so arranged that the 
fV-3*». same order is continually preserved, and be- 
tween them pieces of cloth, inolstened with 
cidulated water — thus, copper, clotb, zinc; 
opper, cloth, zinc, &c. There should be 
from thirty to fifty such pairs to form a pile 
of sufficient power. 

When the opposite poles or ends of this in- 
strument are touched, a shocit is at onca felt. It is not 
unlike the shock of aLeydcn jar; hut the pile differs from 
the electrical machine in the circumstance that it can at 
once recharge itself, and giveaashockof the same-strength 

Aa ihe voltaic battery ia now employed for numerous 
purpoBOH in science, many forms more convenient than 
that described, have been introduced. In the voltaic 
Jij.321. trough the zinc and 

copper plates being 
soldered together, are 
let into grooves in a 
box, aa sliown in Fig. 
3S1, the colls between 
each pair of plates 
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serving to hold the mixture of water and sulphuric acid. 
Such an instrument is easily brought into activity, and its 
exciting fluid easily removed. 

Of late other more powerful forms of voltaic battery 
liave been invented; such, for instance, as Grove's and 
Sanson's. Grove's battery consists of a cylinder of zinc, 
Z, Z, Fig. 322, the surface of which is amalgamated with 
quicksilver. It is placed in a glass jar, G G. rig. 322. 
Within this there is a cylinder of porous earth- 
enware, p p, in which stands a sheet of pla- 
tinum, PP. In Bunsen's battery P is a cylin- 
der of carbon, into which, at r, a polar wire 
can be fastened. The glass cup, G G, is filled 
Avith dilute sulphuric acid (a mixture of one of 
acid to six of water), the porous cylinder is fill- 
ed with strong nitric acid, and the amalgamated zinc is 
therefore in contact with dilute sulphuric acid, and the pla- 
tinum or carbon with nitric acid. By means of the bind- 
ing screws polar wires may be fastened to the plates, and 
a number of jars may be connected together so as to fonii 
a compound battery. In this case, the wire coming from 
the zinc of one cup is to be connected with the platinum 
or carbon of the next, the same airangement being con- 
tinued throughout. 

When several such cups are connected together, and 
the polar wires of the terminal pairs brought in contact, 
a bright spark, or rather flame, instantly passes, and when 
these connecting wires are of copper the color of the light 
is of a brilliant green. By fastening on one of the polar 
wires conducting substances of different kinds, they burn 
or deflagrate with different phenomena, each metal yield- 
ing a colored light. If a fine iron or steel wire, in con- 
tact with one of the poles, be lowered down on some 
quicksilver into which the other is immersed, a brilliant 
combustion ensues — the iron, as it burns, throwing out in- 
numerable sparks ; and on pointing the polar wires with 
pieces of hard-burnt charcoal, on approaching them to 
each other a spark passes, and the points may now be 
drawn apart several inches, if the battery is powerful, the 



Describe Grove's battery. In this battary bow many metals and liquids 
are employed ? What eflfect ensues when the connecting wires are brought 
IB contact? What phenomena do the different metals exhibit duruiff 
combusUon ? What ensues when charcoal-poinU are employeu f 
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fiame still continuing to play between ihem. This flams, 
which IB arched upwaid, afTorda ihe most briUiant light 
th&I can be obtained by any artiiictal process. 

If, between the polar wires of a Toltaic battery, a piece 
of plalinum — a metal of extreme infusibillty — interrenes, 
and the metal withstands fusion and is not too ihick, it be- 
comes incandeecent, and continuea so while the current 
passes. 

But by far the most valuable effects to which these in- 
strunienis give rise are decompositions. If the poles of 
a battery are tenniiialed with pieces of platinum, and 
these are dipped in some water, .bubbles of gas I'apidly 
escape from each — ihey sriao from the decomposition of 
the water. 

t\t. BJ. The apparatus Fig. 323, enables us 

T to perform this experiment in a very 

Mtisfaci Dry manner. It consists of two 
tubes, c A, which have lateral opeii- 
ings.p p, through which, by means of 
tight corks, platinum wires, terminat- 
ed by a little htitich uf platinum, may 
be paxsed. The tubes, i, are sus< 
perided vertically, in a small reser- 
voir of water, g, by an upright, V. 
They are also graduated into parts 
of equal capacity. By means of iha 
' binding screws at a and it the plsii- 
num wirm may be cuunected with the poles of an active 
battery. 

If, now, the two lubes are filled with water and im- 
mersed in the trough, and the comraunications with the 
battery established, gas rapidly rises in each, and collects 
in its upper part. In that tube which is in connection 
with the positive pole of the battery oxygen accumulates, 
m the other hydrogen. And it is to be observed that the 
quantity of the latter is equal to twice the quantity of the 
former gas. Water contains by volume twice as much 
hydrogen as it does oxygen. 

In any voltaic combination, the exciting cause of iho 
electricity, v/hatever it may be, goes under the name of 

Can plalirium be wade coiilinuouBly irii^nndescent ' Deacrilio Ihe nio- 
EessforthedecompOBitionnf waier. What are the relative qu»nniiciu( 
osygen and liydrogen gaasB produced in Ihia BiponmBiii I 
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the electromotive force, and the resistances, which oh- 
Btruct the motion of the electricity, are termed resist- 
ances to conduction. 

The electromotive force determines the amount of elec- 
tricity which is set in motion ; and in a Yoltaic hattery 
the resistances which arise are chiefly due to the imper- 
fect conducting power of the liquid and metalline parts. 
The resistance of the metalline parts is directly as their 
lengths and inversely as their sections. A wire two feet 
long resists twice as^much as a wire one foot, if their sec- 
tions are equal ; and of two wires that are of an equal 
length diat which has a double thickness or section will 
conduct twice as well. 

The resistance of the liquid parts depends on the dis- 
tance of the plates from one another — it is inversely as 
their sections of those parts. 

The total force of any voltaic hattery may be ascertain- 
ed by dividing the sum of all the electromotive forces by 
the sum of all the resistances 

The origin of the electrical action of voltaic combina- 
tions is, in all probability, due to chemical changes 
goinff on in them. The study of a simple voltaic cir- 
cle throws much light on these facts. If we j^^, 324. 
take a plate of amalgamated zinc, z, an inch 
wide and six. long, and a copper plate, c, of 
equal size, and dip them in some acidulated 
water contained in a glass jar,y*, they form a 
simple voltaic circle. It is to be understood 
that common sheet zinc is easily covered over 
with quicksilver, or amalgamated, by washing it 
with sulphuric acid and water in a dish in which some 
quicksilver is placed. 

Now, so long as the two plates remain side by side 
"without touching, no action whatever takes place ; but if 
we establish a metallic communication between them by 
means of the wire d, innumerable bubbles of gas escape 
from the copper, c, and the zinc in the mean time slowly 
corrodes away. On lifting up d the action instantly ceases. 

What is meant by the term electromotive force ? What by resistances 
to coiKiucticNi 7 From what do the resistances chiefly arise? What is 
the law for the resistance of the metallic parts ? What for the liquid f 
How is the total force of the Toltaic battery determined ? Describe the 
apparatus, Pig. 324. 
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on bringing it into contact again tlie action ie re-eslablish- 
lished. And if the apparatus is in a dark place whenev- 
er d is lifted from either plate, z otc, a small but bnlliant 
electric spark ia seen, showtng therefore that electricit}^ is 
the agent at wurk. 

If the gas which riaea from the copper plate be exam- 
ined, it tuniB out to be hydrogen, and the currosion of the 
zinc is due to the combiaation of that metal with oxygen. 
Water, therefore, must have been decomposed to fumbk 
these elements. The electric action of the common voltaic 
i:irde arises from the decomposition of water. 

If the wire dbe a, slender piece of platinum it contin- 
ues in an ignited condition as long as the apparatus ia in 
activity. The electricity muat, therefore, flow in a contin- 
uous current ; and, as the most powerful voltaic batteries 
are nothing but combinaiiona of these simple ones, the 
same reasoning applies to both, and we attribute their ac- 
tion to the same cause — chemical decompositions going 
on in them, and giving rise to an evolution of electri-' 
city which flows in a continuous current from end to end 
of the instrument and back through its polar wires. 

A very beautiful process for working in metala, called 
the electrotype, and founded upon the principles explain- 
ed in this lecture, haa been lately introduced into tho arts. 
"When water is submitted to the influence of a voltaic 
current we have seen that it is reaolved into its constitu- 
ent elements, oxygen and hydrogen, a total separation 
ensuing, and each of theae going to iia own polar wire. 
In the same manner, when a metalline salt transmits tho 
voltaic current, decomposition ensues, the acid part of the 
ealt being evolved at the positive and the metalHue part 
at the negative pole. When the salt has been properly 
selected the metal ia deposited as a coherent mass, ann 
faithfully copies the form of any surface in which the 
negative pole is made to terminate. Thus, to the polar 
wire Z, Fig. 385, of a simple voltaic battery let there 
be attached a. coin or other object, N, one surface of 
which has been vamiahoil or covered with some non- 



Whal euBues when a metallic commnnication is made halween the 
melals! How can it be proved thai clpetriciiy is concerned in these re- 
sullBl Why do we ktinw that wat«r must have been decomposed t Why 

what principlBi is the oloctrotjpo process foondod ! 
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conducting material ; to the other wire, S, let tbere be 
affixed a mass of copper, C, rte-dns. 

and let the trough, N C 
which these are placed be S 
with a solution of sulphate of 
copper. Now, when the bat- 
tery is charged, the sulphate of 1 
copper in the trough undergoes I 
decomposition, pietallic copper I 
being deposited on the face of I 
the coin, N ; and as this with- f 
drswal of the metal from the 8< 
lution goes on, the mass, C, undergoea ci 
solving in the liquid, replaces that which i 
accumulating on the fece of the coin. When the experi- 
laeitter judges that the deposit on N is sufEciently thick, he 
remoTes it from the trongh, and with the point of a knife 
Splits it from the surface of the coin. The cast thus ob- 
tained is admirably exact. 

In the BftUte manner that copper may thus be obtained 
from the Bulpbate, so other metals may be used. Casts in 
gold and silver, and even alloys, such as brass, may be 
obtained. There is no difficulty in gilding, silvering, or 
platinizing suriaces, and from a single cast, by using it 
m turn as a mould, innumerable copies may be taken. 
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Fig. 32^ 
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LECTURE LXI. 

Elbctro-Maonetibm^— ilci^iofi o/*a Conducting Wire' an 
the Needle, — Tranwene Position assumed, — Effects of 
a Bent Wire, — The Multiplier, — Astatic Ocdvanometer, 
Electro- Magnet, — Rotatory Movements, — Attraction and 
Repulsion rf Currents. — Electro-Dynamic Hetix.-^EleC' 
tro-Magnetic Theory, 

When a magnetic needle, having fi^edom of motion 
upon its center, is brought near a wire through which 
an electric current is passing, the needle is deflected and 
tends to move into such a position as to set itself at right 
angles to the wire. 

Thus, let there be an electric cur- 
rent moving in the wire A B, Fig, 
326 ; in the direction of the arrow, 
and directly over the wire and par- 
allel to it, let there be placed a sus- 
pended needle ; as soon as the cur- 
rent parses io the wire, the needle 
is deflected from it& north and south 
position, and turns round transverse- 
ly, and if the current is strong enough 
the needle comes at right angles to 
the wire. 

Now, every thing remaining as 

before, let the current pass in the 

▼^ opposite direction, the deflection 

takes place as before, only now it is also in the opposite 

direction. 

If the needle be placed by the side of the wire the 
same efiect is observed. On one side it dips down and 
on the other it rises up. 



What effect ensues when a magnetic needle is brought near a conduct 
ing wire ? How may it be proved that the direction of the motion de 
pends on the direction of the current 7 What takes place when the ne* 
die is at the side of the wire ? 



GALVANIC MULTIPLIERS. 



905 




rv^.3S8. 



In whaterer poeitiou the needle is placed as respects 
the conducting wire it tends to set itself at right angles 
thereto. This discovery was made by Oersted in 1819. 

From the foregoing experiments it will appear that if 
a wire be bent into the Fig. 8S7. 

form of a rectangle, as A 
Tepre6entedini^f^.327, T 
and an electric current 
be made to flow round 
it in the direction of the 
arrows, all the parts of 
the current tend to move 
a needle in the interior 
of such a rectangle in the same direction, and, therefore, 
it will be much more energetically disturbed than by a 
single straight wire. 

If the wire, instead of making one convolution or turn, 
is bent many times on itself, 
so that the same current 
may act again and again up- 
on the needle, the effect of 
a very feeble force may be 
rendered perceptible. On 
this principle the galvanometer is constructed. A fine 
copper wire, wrapped with silk, is 
bent on itself many times, forming 
a rectangle, d d. Fig, 328 ; the two 
projecting ends, a a, dip into mer- 
cury-cups, by which they may be 
connected with the apparatus, the 
electric current of which is to be 
tneasured. In the interior of the 
rectangle, supported on a pivot, is 
a magnetic needle, n s, the deflec- 
tions of which measure the current. 

A still more delicate instrument 
is made by placing two needles, with 
their poles reversed, on the same 
axis, N S, « n, suspending them by 
B fine thread in such a way that one 

By whom were these facts discovered ? What effect is there on a nee- 
dle in the interior of a rectangle ? What is the effect when the wire 
makes numj oonTolotioos 7 Describe the deflecting galTanometer. 
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of tbe needles is in the ia«de of tlie rectangle and the 
other aboTB. If the needles are of equal power the com- 
bination is astatic — that is, not under the magnetic influ- 
ence of the earth ; hut both of them are moved in tbe 
aame direction by the passage of tbe current. Such an 
instrument is called an astatic galvanometer. 

When an electric current, moving in a wire, is made 
to pass round a piece of Boft iron, so long as tbe current 
continues the iron is magnetic ; but the moment tbe cui^ 
rent ceases tbe iron loses its magnetiBtn. If, tberefore, a 
bar of soft iron be bent into the form K S, Pig. 330, and 

F!g. 330. 




there be wound round it a copper wire in a continuous]/ 
spiral course, the strands of the wire being kept from 
touching one another, and also from contact with the iron, 
by being covered with silk, whenever a current is passed 
through the wires by the aid of the binding-screws, p m, 
the iron becomes intensely magnetic. The amount of its 
magnetism may be measured by attaching tbe keeper. A, 
to the arm of a lever, a h, which works on a fulcrum, c; 
A is a hciok hy which weights may be suspended. In this 
way magnets have been made which would support mora 
than a ton. 

Mr. Faraday discovered that rotatory rnovements could 
be produced by magnets round conducting wires ; and, 
conversely, that conducting wires would rotate .round 
magnets. Both these facts may be proved at once by tbe 
instrument Fig. 331. On the top of a pillar, ^c, a strong 
copper wire, bent as in the figure, at d J", ia fastened. 



Describe the uMtic galva 



communicued to an iroa bu I Desciibe the iniMmmeut, Fif. 330. 
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To the crook aty a fine platina wire, A, hangs by a loop, 
on vrbich it has perfect free- Fi/p. 331. 

dom of motion. Its lower end, 
p, on which is a sm^l glass 
bead, dips under so&e mer- 
cury in a reservoir, b, in the 
center of which a magnetiz- 
ed sewing-needle, », is fasten- 
ed by means of a slip of cop- cnji 
per, which communicates with 
the binding-screw, z. On the arm, d, there is soldered 
inflexibly another platinum wire, e, which dips into a 
mercury reservoir, a, which is in metallic connection 
with the binding-screw c by means of a slip of copper. 
From the center and bottom of this reservoir a magnet- 
ized sewing-needle is fixed by means of thin platinum 
wire, so as to have freedom of motion round e. Under 
these circumstances, if an electric current is passed from 
c along d, in the direction of the arrow, to z, the magnet, 
fit,, rotates round the fixed Wire in one direction, and the 
wire, A, round the fixed magnet n in the other. On re- 
versing the course of the current these motions are re- 
versed. 

On similar principles all kinds of rotatoiy, reciproca- 
tory, and other movements may be accomplished, magnets 
made to revolve on their own axes, and entire galvanic 
batteries round the poles of magnets. 

In frictional electricity we have seen that the funda- 
mental law of action is, that like electricities repel and 
unlike ones attract. In the same way attractive and 
repulsive motions have been discovered in the case of 
currents. If electric currents flow in two wires which 
are parallel to each other, and have freedom of motion, 
the wires are immediately disturbed. If the currents 
run in the same direction the wires move toward each 
other, if in the opposite the wires move apart. Or, briefly, 
** like currents atiract, and unlike ones repeV* 

If a wire be coiled into a spiral foi*m, and its ends car- 
ried back through its axis, as shown in Fig, 332, it forms 

How may movements of rotation of wires and magnets round one 
another be shown! Describe the instrument, Fig. 331, What ensues on 
reversing the current ? What is the action of currents on each other 7 
What if the general law of this action ? 
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f^_K sn Mdro^Tnaime helix. If it be bos- 

"^Z r«sc)£e«i wiih fiteedom of motion in a 

I >::ciBi:oaI plane, it pcMOts is a magnetic 

- - zieevie irxijd no, noith and aouth ; or if 

s.-=s^r«*^eo. ^ as to more in a Tertical 

rl&se. i: cips like a dipping-needle. 

AZ tbe properties of a needle may be 

53a.iiasec rj sach a beHx; and if two he- 

I Zdes^ cairyiag rairentB, are presented to 

snpQQflMBpQQaB etac^ x^er. ibev aizracx and repel, under 



:±e sasae laws that two magnetic bars 

Iz !:2t5c*fr.'pe. »ip i=ai^i=e an electric carrent to circu- 
r-*ii2ii X Bsixaec rrusrerselr to its axis, snch a sup- 
p«.Yiora -vvl XCCVC3C 3or all its singular properties. 

JLiCfC^ULTix^ wbai will have to be said presently as re- 
sc«KS I2er2»>^ftieccncfrr. it maT be observed, that if we 
"^^ & 3Bec&l tjz'Zp anc wxrm it in one point only, by a 
«trrc--^3azp^ Sk> e^virs esKMS : but if the lamp is moved 
m ^'riectrjc Acrmc raos mind the wire in the coarse the 

A< -wid :2fs s^aI win?, and lamp, so with the earth. 
TTj^; jtu. >T iis i;c-ir^-C =:*?cion, warms the parts of the 
-li.-r ♦ 'n *■i-:^^^s5:^c xsd ejeecric cnrrents are generated, 
w-jxa r:i!i.''w *i* ci.xirse. We mast now call to mind all 
aac lus "re^c size ruswctiisg ihe influence of the sun's 
J«ri: ,*c n:e zsi^rec. is Leenire L^^I. This elucidates 
:a«? ct^i^ie :c r:e aeeuLit rw*dng north and south. It 
ci?an» ~L^r.^ rtoi r^:i«i:>?c Secaitse it is the position in which 
^e ei»*cnTc j"irr^cc* in it are parallel to those in the earth. 
T jjj* 'J* :!i«* rvisicicn. » has jast been explained, that cur- 
T^mcs wr;; x'w-iT^ issuaae. We see why. at the polar re- 
t*»,*fuk :c J:r* v^rt:cal> Jown. Ii is again that its currents 
«a_v S? yd:n"er w::h rit^xse of the earth : for in those re- 
5jf-v*c* :2e *^z rertJ^»raB his daily motion in circles parallel 
tc rhe bf^^r'j ,>a. We see, also, that it is for the same cause, 
is :*j^frT£^e\I:.i:e laeirudes, that the needle points north and 



W^vsc s su eieccrooytiaxK 1^'rc ' Waen two snch helices act od each 
XfMr -^iM -^^tbeoomeoa via* ^ Wb^; ensues when a mecsl ring is wann- 
uti tc ,*(ie >»ftc ?> a !^ap, ani wha: when the !amp is mored ? How do 
I'hei^ ::ices Sfv «!<• the TOcartir and d:p of the needle ? Why docs a msf- 
8«fvc w«MJi» jictBt iNcth' aoi Muth * Whj does it dip T 
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Thifl prolific theory likewise includes all the phenom- 
ena of Oersted, such as the transverse position a needle 
takes when under the influence of a conducting-wire ; for 
this is again the position in which the currents of the 
needle are paralM to that in the wire. 



LECTURE LXII. 

MAGNETO-EliECTRICITY. ThERMO-ElECTRICITY. "PtO- 

duction of Electric CurrejUs hy Magnets, — Momentary 
Nature of these Currents. — They give, rise to Sparks, 
Decompositions J Sfc. — Magneto- Electric Machines, — In- 
duction of Currents hy Currents, — Electro- Magnetic Tel- 
egraph, — Production of Cold and Heat by Electric Cur- 
rents. — Thermo-electricity, — Melloni*s Mtdtiplier. 

If an electric current passing round the exterior of a 
bar of soft iron can convert it into a magnet, we should 
expect that the converse would hold good, and a magnet 
ought to be able to generate an electric current in a con- 
ducting- wire. 

Let there be a helix of Fi^, 333. 

copper wire, a. Fig, 333, a 

the successive strands of N' (1^SS$S6^S66^ 
which are kept from 
touching, and let its ends 
at & be brought in con- 
tact. If a bar magnet, 
N S, is introduced in the V 

axis, so long as it is in 

actual movement an electric current will run through the 
wire, but as soon as the bar comes to rest the current 
ceases. On withdrawing the bar the current again flows, 
but now it flows in the opposite direction. 

If, therefore, we alternately introduce and remove with 
rapidity a steel magnet, opposite currents will inces- 
santly run round the helix. If we open the wire at the 
point h, every time the current passes a bright spark is 

How doea tbw theory include Oersted's phenomena ? €an a magnet 
develop electric currents in a wire 7 Under what circumstances does this 
Uke pmce T How long does the current continue ? Describe the instru- 
ment. Fig, 333. 
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seen ; or if the two separated ends dip into water it un- 
dergoes decomposition. 

Fig, 334. The same results would, of course, 

occur, if, instead of introducing aud 
removing a permanent steel magnet, 
we continually changed the polarity 
of a stationary soft iron har. Thus. 
if a 5, Fig. 334, be a rod of soft iron, 
surrounded by a helix, and there be 
taken a semicircular steel magnet, 
N c S, which can be made to revolve 
on a pivot at c — ^thing^s being so ar- 
ranged that its poles, N and S, in 
their revolutions, just pass by the terminations of the bar, 
a b — the polarity of this bar will be reversed every half 
revolution the magnet makes, and this reversal of polari- 
ty will generate electric currents in the wire. To mstru- 
ments constructed on these principles the name of mag- 
neto-electric machines is given. 

The peculiarity of these currents is their momentary 
duration. Hence they have been called momentary cur- 
rents, and from the name of their discoverer, Faradian 
currents. 

There are a great many different forms of magneto- 
electric machines. In some, permanent steel magnets are 
employed; in others, temporary soft ii'on ones, brought 
into activity by a voltaic battery. 

Fig, 335 represents Saxton's magneto-electric machine. 
It consists of a horse-shoe magnet, A B, laid horizontally. 
The keeper, C D, is wound round with many coils of 
wire, covered with silk. It rotates on an axis, E F, on 
which it is fixed, by means of a pulley and multiplying- 
wheel, E G. The terminations of the wire, h i, dip into 
mercury cups at K. When the wheel is set in motion 
the keeper rotates, its polarity being reversed every half 
turn it makes before the magnet, and momentary currents 
run through its wires. 

If it is desirable to give the current of a magneto-elec- 
tric machine great intensity, so as to furnish powerful 
shocks, or effect decompositions, the wire which is wound 

What are magneto-electric machines ? What names have their cur- 
rents received 7 Describe Saxton's magneto-electric machine. What is 
the effect of asmg a long thin and short thick w|re 7 
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round the keeper should be thin and long ; but for pro- 
ducdog incandescence in metals, ov for sparks or magnet- 
ic operations, the wire should be short and thick. 




Admitting the theory that all magnetic actiop arises 
irom the pessase of electrical cuiTents, it follows, from the 
facta just detailed, that an electrical cun-ent must have 
the power of iaducing others in conducting bodies in ita 
neighboibood. Experiment proves that this conclusion 
is correct, and currents so arising are called induced or 
tecondary currents. 

Thus, when two wires are extended parallel to onean- 
other, ajid through one of them an electric current is 
passed, a secondary current is instantly induced in the 
other; but its duration is only momentary. It flows in 
the opposite direction to the primary one. On stopping 
the pnmary current, induction again takes place in the 
seaondary wire ; but the current now arising has the same 
Erection as the primary one. The passage of an electri- 
cs! current, therefore, develops other currents in its 
neighborhood, which flow in the opposite direction as the 
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MAGNETIC TELECRAFS. 

I first acts, but in the same direction bb it 



pnoaary i 

Morse's elertro-mngnelic telegraph ia essentially ahoree- 
shoe of soft iron, made temporarily magnetic by the pass- 
age of a Toluic current. In Fig. 336, m tn represent 

Fif. 330. 




the poles of the ma^et, wound round witli wire ; at a is 
a keeper, which is nstened to a lever, a I, which works 
on a fulcrum, at d; the other end of the lever bears a 
steel point, -i, which serves as a. pen. At c is a clock ar- 
rangement for the purpose of drawing a narrow strip of 
paper, p p, in the direction of the arrows. W W are thfl 
wires which communicate with the distant station. As 
soon as a voltaic current is made to pass throu^ these 
wires, the soft iron becomes magnetic, and draws the 
keeper, a. to its poles ; and the other end of the lever, I, 
rising up, the point « is pressed against the moving paper 
and makes a mark. When the lever first moves it seta 
the clock machinery in motion, and the bell, 6, rings to 
give notice to the observer. When the distant operator 
stops the current, the magnetism of m m ceases, and tbfl 
keeper, a, rising, i is depressed from the paper. By let- 
ting the current Bow round the magnet for a short or a 
lunger time a dot or a line is made upon [he paper — and 



telegraph. How 



lelcgraphic alpbabct loadi by the machiue I 



s and lines whieb C' 
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the telegraphic alphabet consists of such a series of marks. 
It is not necessary to use two wires to the instrument ; one 
alone is commonly employed to carry the current to the 
magnet ; it is brought back through the earth. 

If a bar of bismuth, b. Fig. 337, and one of antimony, 
a, be soldered together at the point c, and by Ft/. 337. 
means of wires attached to the other ends, a 
feeble voltaic current is passed from the an- 
timony to the bismuth, heat will be genera- 
ted at the junction, c; but if the current is 
made to pass from the bismuth to the anti- 
mony, cold is produced, so that if an excava- 
tion be made at c, and a little water intro- 
duced IB it it may be frozen. 

The converse of this also holds good. If we connect 
the free terminations of a and &, by means of a wire, and 
raise the temperature of the junction c, an electric cur- 
rent sets from the bismuth to the antimony ; but if we 
cool the Junction the current sets in the opposite way. 
To these currents the name of thermo-electric cun*ents is 
given. 

Thermo-electric currents, from the circumstance that 
they originate in good conductors, possess but very little 
intensity. They are unable to pass through the thinnest 
film of water, and, therefore, in operating with them it is 
necessary that all the parts of the apparatus through which 
they are to flow should be in perfect metallic contact. 
The slightest film of oxide upon a wire is sufficient to 
prevent their entrance into it. 

As the effects of the voltaic circle can be increased by 
increasing the number of pairs forming it, the same is also 
true for thermo-electric currents. Thus, if we take a se- 
ries of bars of bismuth and antimony, and solder their 
alternate ends to one another, as shown jfv^. 338. 

in Fig, 336, on warming one set of the ^ i, h h ha 
junctions, the current passes, and is \/KfKfKIK/J 
greater in force according as the num- \/ 1/ \/ \y 1/ 
ber of alternations warmed is greater, a a. a o> O' 

From their feeble intensity, these currents, when passed 
through the wire of a multiplying galvanometer. Fig. 329, 

What effects arise from passing feeble electric currents through a pair 
of bars of bismuth and antimony 7 What are thermo-electric currents ? 
Why have they so little intensity ? How may that intensity be increased ? 

o 
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do iwt give rise to the same efleets tliat are oLeetved in 
on] inary voltaic currents — they lose aa much of their force 
by tbe resistance to conduction of the slender wire as they 
gtin by the eflect which each coil impresses on the nee- 
dle. A muUipHer, suited for thermo-electric currents, 
should be made of stout wire, and make but few turns 
round the needle. 

Melloni's thermo-electric pile is represented in Fig. 
339. It consists of thirty or forty paire of small bars tJ 



CO 



bismuth and antimony, with ihpir allemate ends aoldcrei! 
together, fonniiig a bundle, F F. The polar wires, C C, 
projecting, are put in communication with the multiplier. 
To each end of the pile bi-ass caps, aa seen in the figuret 
fit. These serve to cut off the disturbing influence of 
currents of air ; and now if the hand or any other source 
<i£ heat be presented to one side of the pile, the needle 
of the galvanometer immediately moves, and the amount 
of its deflection increosee with the temperature of tha 

It is not necessary to use many ntternations, as in th« 
instrument of Melloni. Let n pair of heavy hare ftg. tun. 
of bismuth and antimony, of the shape repre- 
sented in Fig. 3-10, bo soldered by the ed^es, 
a i, to a circular plate of thin copper, and at 
the othere at a' b', to semicircniar plates, e J', 
having projecting pieces to commnnicate with 
the wire of a galvanometer of few convolutionB, i 
and the needle of which ia nearly astatic. It will 
be found that extremely minute changes of temper 
may be indicated — the combination answering very well 
instead of Melloni's more costly ii 
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LECTURE LXIII. 

AsTJioNOMY. — TJie Figure of tTie Harth. — The Earth Ro- 
tates am her Axis. — Illustrations of Diurnal Rotation. — 
Annual Translation round the Sun, — The Year. — Mo- 
tions &fihe Moon. — Planets and Comets, — •Astronomical 

' JDqfimtians^ 

Im (he infkiicj of knowledge the first impreBsion which 
neo -entertained respecting die form of the earth we in- 
habit, was that it is an indefinitely-extended plane, the 
mofe central portions being the land, snrrounaed on all 
aides by an unknown expanse of sea. Many natural phe- 
nomena soon corrected these primitive ideas, and almost 
88 far back as faistoric records reach, philosophers had 
come to the condntioQ that our earth in reality is of a 
roand or globular form. 

To this conclusion a consideration of the daily phenom- 
ena of the starry firmament would naturally lead. Every 
evening we aee the stars rising in the east, and as the 
nigbt goes on, passing over the vault of the sky, and at 
last settiiig in the west* During the day the same is also 
obaerved as respects the sun. And as these are events 
«4iich are taking place day afler day, in succession, and 
no man can doubt that the objects which we see to-day 
are those which we saw yesterday, it necessarily follows, 
that after they have sunk under the western horizon, they 
pimrue their paths continuously, and that the earth neither 
extends indefinitely in the horizontal direction, nor verti- 
cally downward, but that she is of limited dimensions on 
all sides. 

What was probably the primitire idea fespecting the figure of the earth f 
How may it be proved that the earth is linuted on all sides r 
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Wliiire the prospect is anintermpted, as «t sea, we are 
fbrtiier able not only to Tertfj the fivregoiDg condusiou, 
but also to obtaia a clearer notion of the figure of the 
earth. Thiia» as is seen in Fig. 341, let an observer be 

fSr.3fL 




witching X ship salEng toward bim at sea. When she is 
at a gn»t di^itaDce, as at «» he first perc ei ves her topmast, 
but as ^le approaches fiom a toward ^ more and more 
ofber masts come into ^iew, and finally her boll appears. 
Wben she arriTes at h she is encbrelj Tisible. Now, as 
this takes place in whatever dii e ctki Am may approach, 
whedier tnim the north, sooth, east, or w es t , it obviously 
pot3C» out die cfohttlar figure of the eardi. In the distant 
puKtxoflu aiore or less of the ship is obscured by the in- 
tenr%fQtnic coove^Licir — a phenomenon which never could 
take place were the earth an extended plane. 

Th» ^r^ac crutD. though admitted by philosophers in 
atfectent times^ n^II gradually into disr ep u te during the 
ntivktle a^es : it was re-^ntabliahed at the restoration of 
iK^raiag coIt after a severe struggle. It is now the basis 
%iif atceere astrvMiomv. 

The sphervtdal dgure being tiiere fbi e received as a 
deoxoastnced tsut, it is next to be observed that the earth 
IS HOC BKKkwi^s:^ in space, but in every twenty-four hours 
tan» rouiid once upon her axis. That sudi a motion ac- 
tually vvcan is clear from the £ict of the rising and set- 
lin< ^>f the celestial bodies^ 

"to an obsenrer at the equator, the stars rise in the 
ewtent honaon and set in theVestem, continuing in view 
&c twelve hours* and beinsr invisible for twelve. At the 



WUafi i^ct* prow tkat die is of a roand or stobolar form ? When wma 
fW [r«w6ttUr Kvtt d* (he nrth denied, and when fiiaUy esublished ? Has 
t^ Mtfth a OMUn OB her axis ^ In what tune is it pc rib tmed ? What 
*p»th» ;h ia i s w a of the nsinf and settiof of tfao sum at tfaa equator 
and tha p«k4ea ' 
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pole the rising or setting of a star is a phenomenon never 
seen ; but these heavenly bodies seem to pursue paths 
which are parallel to the horizon. In intermediate lati- 
tudes a certain number of stars never rise or set, while 
others exhibit that appearance. In any of these posi- 
tions in our hemisphere the motion of the heavens seems 
to be round one, or, rather, two points, situated in opposite 
directions; to one of them the name of the north, and to 
the other of the south pole is given. These are the 
points to which the poles of the earth are directed. 

When observations are made for some days or months 
in succession, we find that there are motions among the 
celestiaL bodied themselves which require to be account- 
ed for. First, we observe that the sun does not remain 
4tationary in a fixed position among the stars, but that he 
has ah apparent motion ; and that after the lapse of a 
little more than three hundred and sixty-five days he comes 
roufid again to his original place. As with the diurnal 
motion so with this annual. Consideration soon satisfies 
lis that it is not the sun which is in movement round the 
earth, but the earth which is in movement round the sun. 
To the period which she occupies in completing this rev- 
olution the name of the year is given. Its true length is 
three hundred and sixty-five days, five hours, forty-eight 
minutes, forty-nine seconds. 

The sun seems, in his daily motion, to accompany the 
Btars; but if we mark the point upon the horizon at 
which he rises^ or sets we find that it differs very much 
.for different times of the year. The same observation 
may be made by observing the length of the shadow of 
an upright pole or gnomon at midday. Such obsei*va- 
tions show that there is a difference in his meridian alti" 
tnde in winter and summer of forty-seven degrees. 

The observation of a single night satisfies us that the 
moon has a motion of her own round the earth. It is ac- 
complished in twenty-seven days, seven hours, and forty 
three minutes, and is called her j^eriodical revolution; 
but, during this time, the earth has moved a certain dis- 
tance in the same direction— or, what is the same thing, 
the sun has advanced in the ecliptic, and before the moon 
overtakes him, twenty-nine days, twelve hours, and forty- 

What other motion besides this may be discovered i What is the year ? 
What is the month 7 
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iwr oiiButes elapse. This, therefore, is termed her synod' 
ioal rrvolmtiem, or one month. 

There mre also certain stars, some of which are re- 
markable for their brilliancy, which exhibit proper mo- 
tions. To these the name of planets is given. And at 
irregular intervals, and moving in different directions 
Uvough the sky, there appear from time to time comets, 
Muhiiudes of these are ^escopic, though some have ap 
pearod of enormous magnitude. 

There are several technical terms used in astronomy 
v^k^ iv^qnire explanation. 

Bv the cel^siial spkere we mean a sky or imaginary 
sfikm. the center of which is occupied by the ear£. On 
k, ior the purposes of astronomy, we imagine certain 
poinds and nxea lines to exist. 

Those circles whose planes pass through the center of 
the i^there are called gremt cira€s. The circumference of 
eMil is divided into three hundred and sixty parts, called 
de^nroes. and marked (^),€ach degree into sixty minutes, 
marked CU and each minute into sixty seconds, marked (")• 

All ii^viax circles bisect each other. 

Igtss ti.rt>€$ aie those whose planes do not pass through 
^ cencer ««f the sphere. 

The Azif of the earth is an ima^nary line, drawn through 
her center, on which she turns. The extremities of this 
line are m pc^$. 

A line ob the earth's surface every where equidistant 
from the DcOes is the eqtuLtor. Circles drawn on the sur- 
face paniljel to the equator are called simply parallels^ 
aui 5iMneiinx4^ jiKir^^s of lotUmde. 

A; sea. o& where the pixispect is unobstructed, the sky 
My^oau to m<^ the earth in a continuous circle all round. 
To :hU the name of sentihie horizon is given. The ra^ 
rMMi«e; ^Wc<-t« IS parallel to the sensible, and in a plane 
which passes thrxHigh the center of the earth. 

That pi>int of the celestial sphere immediately overhead 
is the £0«i>.«« the oppmsite pomt is the nadir, 

A cirvle drawn through the two poles and passing 
through the north and south points of the horizon is a 



Wb«t 119 ih^ plawu! What are cometa? What is the celestial 
K^x« * Wluil arr fn^at and less circles ? l^liat is the axis oT the earth ? 
y^ < aiv lb# pok«» the «qaator. and parallels of latitode r What is the 
•■^MiMeaBdwhaiihenuoiialhorixoor What is the senith and the nadir T 
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meridian. Hour cirdes are other great circles which pass 
through the poles. 

A circle drawQ through the zenith and the east and 
west pointy of the horizon is the prime vertical. Other 
great circles passing through the zenith are vertical circles 
or cirdea ofa^imu^h. 

Th^ altitude of a hody ahove the horizon is measured 
in degrees upon a vertical circle. As the zenith is 90^. 
from the horizon, the altitude deducted from 90^ gives 
the zenith distance. 

The azimuth of ^ hp^y is its distance from the north 
or south estimated on the horizon, or hy the arc of the 
horizon intercepted hetween a vertical circle passing 
through the body and the meridian. 
. The latitude of a place is the altitude at that place of 
the pple above the horizon, or, what is the same thing, 
the arc of the meridian between the zenith of the place 
and the equator. At the earth's equator the pole is, 
therefore, in the horizon ; at the pole it is in the zenith. 

The longitude of a place on the earth is the arc of the 
equator intercepted between the meridian of that place 
and that of another place taken as a standard. The 
observatory of Greenwich is the standard position very 
commonly assumed. The longitude of a star is the arc 
of the ecliptic intercepted between that star and the first 
point of Aries. 

The latitude of a star is its distance from the ecliptic, 
measured on a great circle passing through the pole of 
the ecliptic and the star. 

The declination of a heavenly body is the arc of an 
hour circle intercepted between it and the equator. 

The ediptic is the apparent path which the sun de- 
scribes among the stars. It is a great circle which cuts 
the equator in two points, called the equinoxial points^ 
because when the sun is in those points the nights and 
days are equal ; one is the vernal, the other the autumnal 
equinox. From this circumstance the equator itself is 
sometimes called the equinoxial line. 

What U a meridian T What are hour circles T What is the prime ver- 
tical r What are circles of azimuth ? What are altitude and zenith 
diaUnce T What azimuth, the latitude of a place, and the declination of 
• heavenly body ? Wh^t is the longitude of a place and that of a star T 
What ia the ecfiptic? 
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Two pmnts on tbe ecliptic, 90® distant from the equt — 
noxial poiotB, are the solstitial paints. When the sun i» 
in one of these it is midaummer, in the other midwinter. 

Motions in the direction from west to east arc direct, 
Betrogprade motions are those from east to west. 

The ediptic is divided into twelve equal parts called 
signs. They bear the following names and have the 
following signs. 



Aries *f 


Libra ^ 


Tauros » 


Scorpio m 


Gemini n 


Sagiturins / 


Caacer s 


Capnconuis V? 


Leo <l 


Aquarius s 


Virgo n 


Pisces H 



Fcnrmerly these signs coincided with the constellatious 
of the same name, but owing to the precession of tbe 
equinoxes, to be described hereafter, this has ceased to 
be the case. 

Two parallels to the equator— one for each hemisphere 
— ^which touch the ecliptic, are called tropics. That for 
the northern hemisphere is the tropic of Ckmoer ; that for 
the south the tropic of Capricorn, Two other parallels — 
one for each hemisphere — as far from the poles as the 
tropics are from the equator, are the polar cirdes, tbe 
northern one is the arctic, the southern one the antarctic. 

The right ascension of a heavenly body is the distance 
intercepted on the equator between an hour circle passing 
through it and the vernal equinoxial point. 

The astronomical day begins at noon, the civil day at 
midnight. Both are divided into twenty-four hours, each 
hour into sixty minutes, each minute into sixty seconds. 

By the orbit of a body is meant the path it describes. 
This, in most cases, is an ellipse. 

The nodes are those points where the orbit of a planet 
intersects the ecliptic The ascending node is that from 
which the planet rises toward the north, the descending 
that firom which it descends to die south ; a line joining 
the two is the line of the nodes. 



What are the equinoxial and aolstitial pointe? What are direct and 
retrograde moiions ? How is the ecliptic divided ? What are the tropics 
and polar circles? What is right ascension? What is the difference 
between tbe astronomical and civil day? What is an orbit? What are 
the ascending and descending nodes ? 
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LECTURE LXIV. 

Translation op the Earth rounb the Sun, and its 
Phenomena. — Apparent Motion and Diameter of the 
Sun. — Elliptical Motion of the Earth. — Sidereal Year. 
— Determination of the Sun's Distance. — Parallax. — 
Dimensions of the Sun. — Center of Gravity of the Two 
Bodies, — Phenomena of the Seasons. 

In the last lecture it has been observed that the sun 
has an apparent motion among the stars in a path called 
the ecliptic. A line joining that body with the earth, and 
following his motions, would always be found in the 
same plane, or, at all events, not deviating from that 
position by more than a single second. 

Observation soon assures us that if we carefully ex- 
amine the rate of the sun's motion in right ascension, it is 
far from being the same each day. This want of uni- 
formity might, to some extent, be accounted for by the 
obliquity of the ecliptic; but even if we examine the 
motion m the ecliptic itself, the same holds good. The 
sun moves fastest at the end of the month of December, 
and most slowly in the end of June. 

Further, if we measure the apparent diameter of the sun 
at different periods of the year, we find that it is not always 
the same. At the time when the motion just spoken of 
is greatest, that is during the month of December, the 
diameter is also greatest ; and when in June the motion 
is slowest, the diameter is smallest. These facts, there- 
fore, suggest to us at once that the distance between the 
earth and the sun is not constant ; but in December it is 
least, and in June greatest, for the difference in size can 
plainly be attributable to nothing else but difference of 
distance. 

The annual motion of the sun in the heavens, like his 
diurnal motion, is, however, only a deception. It is not 

Doe« the tun tnove with appsrentl j eqaal velocity each day ? When is 
his motion latest and when slowest? Is the sun always of the same 
size T When is he largest and when smallest ? How can we he certain 
that the earth does not move in a circle round the sun T 
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the sm wliich moTes round tbe earth, hot the eaxl^ which 
has a moTement of transladon round the sun, as well as 
oae apoo her own axis. The path which she thus de- 
scribes is not a circle, for in that case, being always at 
the same distance, the sun would always be of the same 
apparent magnitode, and his motion always uniform ; bujt 
it is an ellipse, haring the sun in one of its foci. Thus, 
IB Fig, 342, let F be the sun, A D B E the elliptic orbit of 
dm earth ; it is obrioos that as she moves in this path 



a / c ^ 

^ G 



she will be much nearer die focus F occupied by the sun 
when she arrives at A than when she is at B. To the 
former point, therefore, the name q£ periheliom, and to 
the latter of apkeHom is given ; the line A B joining them 
is called the Hue of the apsides. 

The neriodic time occupied in one complete revolution 
is called the sidereal year. Its lengdi is 365 days, 6 hours, 
9 minutes, 11| seconds. 

The law which regulates the velocity of motion of the 
earth round the sun was discovered by Kepler. It has 
already been explained, in speaking of central forces, in 
Lecture XXI. It is ^ the radius vector (that is, the Hne 

HofwdoweknowHismtoeUipseT What are die perihelmntDdaplie* 
Hon points? What is the line of tbe apsides ? What is the skleml jear? 
What is Keptof^ law lespecting the radtus Tectorf 
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Joining the ceutei*s of the sun and earth) sweeps over 
equal areas in equal times." 

With these general idea^ respecting the nature of the 
orbit described by the earth, we proceed, in the next 
place, to the determination of the actual size of that orbit : 
m other words, to ascertain the distance between the earth 
and the sun. 

Let C, Fig. 343, be the center of the earth, B the po- 
sition of an observer upon it, Fig. 343 
and M the sun ; the observer, 
B, will see the sun in the direc- 
tion B M, ^nd refer him in the 
heavens to the position, n. An 
observer at Ci the center of the 
earth, would see him in the po- 
sition C M, and refer him to 
the point vi. His apparent 

Elace in the sky, will, therefore, 
e different in the two instances. 
This difference is called par- 
allax ; Kad- a little consideration shows that the amount 
of parallax differs with the place of observation and posi- 
tion of the body observed, being greatest under the cir-^ 
cumstances just supposed, when the body is seen in the 
horizon, and becoming when the body is in the zenith. 
This diminution of the parallax is. exemplified by sup- 
posing the sun at M' ; the observer at B refers him to n, 
the observer at C to m/, but the angle B M' C is less than 
the angle B M C. Again, if the sun be at M'' — that is» 
in the zenith — ^both observers, at B and C, refer him to 
fn'\ and the parallax is 0. The horizontal parallax being 
measured by the angle, B M C is evidently the angle un- 
der which ^e semidiameter of the earth appears, as seen 
in this instance from the sun. 

Although we cannot have access to the center of the 
earthy there are many ways by which the parallax may be 
ascertained, the result of the most exact of which has 
fixed for the angle BMC the value c^ aboi^t eight sec- 
onds and a half. Now it is a very simple trigonometrical 
problem, knowing the value oif this angle, and the length 

What \% iwralltx ? MThy does the parallax become in the zenith 7 
What is the ho^zontal parallax in realUy t Whai u the exact Talue of 
tht paiailax f 
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of the line B C in miles, to determine ihe line C M. 'When 
the calculation is mude, it gives about 95,000,000 miles. 
This, therefore, is the mean dialance of the eaith frum 
ibe sun. 

Knowing ihe apparent diameter of an object, and its 
distance from us, we can easily determine its actual mag- 
iiituile. Seen from tlie eaith, the aun'a apparent diame- 
ter subtends an angle of 32' 3". The true diameier, there- 
fore, most be 882,000 miles. But the diameter of the 
earth is short of 8000 miles. 

Such, therefore, are the dimensions of the orbit of the 
earth, and of the bodies concerned in it. We are now in a 
pneition lo verify ail that has been said in respect of the 
relations of these bodies ; for, calling to mini] what was 
proved in Lectuve XXI, respecling bodies situated as 
these are, we see that in strictness the one cannot revolve 
round the other.but both revolve round their common cen- 
ter of gravity. Recollecting also that the center of grav- 
ity of two bodies ia at a distance inversely proportional 
to their weiglits, and that the sun is 354,936 times heavier 
than the earth, it follows that this point is only 267 miles 
from his center. So, therefore, with scarce an error, the 
center of the aun may be assumed as the center of the 
earth's orbit, and with truth she may be spoken of as i-e- 
Tolving around him. 

Occupying such a central position, this enormous globe 
is discovered to rotate on an axis inclined 82° 40' to the 
plane of the ecliptic, making one rotation in twenty-five 
days and ten hours, in a direction from west to east. This 
is proved by spots which appear from time to lime on his 
Buiface, and follow his movements. He is the great source 
of light and heat to us, and determines the order of the 
seasons. His weight is five hundred times greater than 
that of all the planets and satellites of the solar system, 
though he is not of greater density than water. 

In Fig. 344 we have a general representation of the 
appearance of the solar spots. They consist of a dai'k 
nucleus, surrounded by a penumbra, and are very varia- 

yihut ii the distance of the earth rrom the tun ! What ia Ihe bcIdsI 
diaineier of llie gun f At what dislancc ii the center of gravity of Ibe two 
bodies froni the sun's Center? How ia iL known that the aun tulalea un 
hissiig? Wtut Utliepetiodof that nitatioQ7 Diuchhe (hspl 
of hig spots. 
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ble, both in ntimber and size. Sometimes for a consider- 
able period scarce any are seen, and then they occur in 
great numbers in irregular clusters. Their size varies 




from ^ to jf^ part of the spn's diameter. They are, 
therefore, of enormous dimensions, often greatly exceed- 
ing the surface of the earth. Their duration is also very 
variable. Some have lasted for ten weeks, but more com- 
monly they disappear in the coui'se of a month or less. 
They seem to be the seats of violent action^ undergoing 
great changes of form, not only in appearance, but also in 
reality. On their first appearance on the sun's eastern 
edge, they move slowly — they move rapidly as they ap- 
proach the middle of his disc, and move slowly again as 
they pass to the western edge. This is, however, an op- 
tical illusion, due to the globular figure of the sun. They 
rarely appear at a greatei: distance than from 30^ to 60^ 
from^the sun's equator, and cross his disc in thirteen days 
and sixteen hours. Their apparent revolution is, there- 
fore, twenty-seven days and eight hours ; and, making al-: 
lowance for the simultaneous movement of the earth, this 
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gives for the sun's rotation on his axis twenty-five days 
and- ten hours. 

To explain the occurrence of the seasons — spring, sum* 
mer, autumn, and winter — ^it is to he understood that the 
earth's axis of rotation, for the reasons explained in Lee* 
ture XXI, always points to the same direction in space^ 
and, therefore, as the earth is translated round the sun, is 
always parallel to itself. 

Lett therefore, S, Fig, 345> he the sun, and EEE^ &;c., 

tbe positions the earth respectively occupies in the months 

marked in the figure. Her position is, therefore, in Lihra 

at the vernal equinox, in Aries the autumnal, in Capricorn 

at the summer, and in Cancer at the winter solstice. lu 

thesa different positions, P m represents the axis of the 

eartli always parallel to. itself, as has heen said. Now, 

£roiii tbe globular form of the earth, the sun can only shine 

on one half at a tjme. Let, therefore, the shaded portions 

represent the dark, and the light portions the illuminated 

halves. Further, iur all the different positions, let E G 

represent the ecliptic, P e the arctic circle, and d m the 

antarctic. 

■ 

Now, when tbe earth is in the position marked Aries, 
both poles, P m, fall just with the illuminated half. It is, 
therefore, day over half the northern and half the south- 
em hemispheres at once. And as the earth turns round 
on her axis, the day and night must each be of equal 
length-^hat is to say, twelve hours long — all over the 
globe. Of course, precisely the same holds for the posi- 
tion at Libra. The former corresponds to September, 
the latter to March. 

But when the earth reaches Capricorn in June, one of 
her poles, P, will be in the illuminated half, the other, m, 
in the dark ; and for a space reaching from P to e, and m 
to d,B certain portion of her surface will also be illumin- 
ated, or also in shadow. The illuminated space, P e, as 
the earth makes her daily rotation, will be exposed to the 
sun all the time ; the dark space, m d, vnM be all the tim^ 
in shadow. At this period of the year the sun never sets 
at the north polar circle, and never rises at the south. 
And the converse of all this happens when the earth 
moves round to Cancer, in December. ' 

Why does tbe Mrth*s axis always point in tbe lame direction T £z- 
plain the phsfloaaoM of the eeaioni. 
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The temperature of any place depends on tbe amount 
of heat it receives from the sun. During the day the earth 
is continually warming; during the night cooling. When 
the sun is more than twelve hours ahove the horizon, and 
less than twelve below, the temperature rises, and con* 
Tersely. When the earth moves from Libra to Capri- 
corn, in the northern hemisphere, the days grow longer 
and the nights shorter, and the rise of temperature we call 
the approach of spring. As she passes from Capricorn 
to Anes, summer comes on. From Aries to Cancer, the 
night becomes longer than the day, and it is autumn — the 
reverse taking place from Cancer to Libra. It is also to 
be remarked, that similar but reverse phenomena are oc- 
curring for the southern hemisphere. This, therefore, ac- 
counts for the seasons, and accounts for all their attendant 
Shenomena, that the sun never sets in the polar circles 
uring summer, nor rises during winter. 



LECTURE LXV. 

The Solar System. — The 'Planetary Bodies, — Inferior 
and Superior Planets. — Mercury. — Venus^ her motions 
and phases. — Transits of Venus over the Sun. — Their 
importance. — Mars, his physical appearance. 

Hating established the general relations of the earth 
and sun, and shown how the former revoWes round the 
latter in an elliptic orbit, we proceed, in the next jplace, 
to a description of the solar system. 

It has already been stated that among the stars there 
are some which plainly possess proper motions, some- 
times being found in one part of the heaTens and some- 
times in another. To these, from their wandering mo- 
tion, the name of planets has been given. Like the earth, 
they revolve in elliptic orbits round the sun. Their names, 
commencing with the nearest to the sun, 



Mercarj, Juno, Japiter, 

Venua, Ceres, Saturn, 

E«rth, Pallas, Uranus, 

Mars, Astrea, Neptune. 
Vesta, 

On what does the temperature of any place depend ? How is this con 

icted with the seasoos ? What are the planets ? MentioQ their names 



nected 
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There are, therefore, two whose orbllH are included m 
that of the earth, the others are on the outside of it. 

Mkbcurv always appears in the dose neighborhood of 
he sun, asd hence is ordiaarily dilficult to be seen. In 
the eTcaing, after sunset, he may, at the proper time, be 
discovered, but, soon retracing his path, is lost among the 
solar rays. After a lime he reappears m the morning, 
and proceeding farther and farther Irom the sun, with a 
re] ociCy continually decreasing^, he linally becomes slation- 
iry. and then returns, to reappear again in the evening. 

The distance of this planot from the sun is more than 
37,000,000 of miles, his diameter 3200, he turns on his 
n a4h. 5' 3", and moves in his orbit with a velocity 
of 111,000 miles in an hour. 

Venus, which is the next of the planets, and, like Mer- 
cury, is inferior — that is, has her orbit interior to that of 

9 earth — from her magnitude and position, enables us 
to trace the phenomena of such a planet in a clear and 
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mmxiHr Sie. "in.. » stsifti. tiicmBi^-hr as an eveh- 
ii'X iUi^ siiininif cur :iiij!£ isrtR dii*c:<rerad, as at A, Fig, 
r-#i. tmiir-riiir ir.in. zut rsvf cif uh: boml. azad Ktoriof with 
luussiatnAiiii rusfiLr.j ir:i2x. A K-ward £. Let K &e tlie 
i«ii&£ii^ii .£ ui£ iciaart's oil ibe cfcJStL ^riaeiL, ibr the pres- 
fan VH v*!! fixnnoRf *r i* BcaacmaTT. To sadi an ob- 
sttT" •ttr lie miciiiL :c Vfsix!&. u iiiie TciooQes &vbx the sud, 
laif^tf^n 11 :is(r:mis Ki:*P"ec ai^ Joiner, the* to oeaseu 
.±ji%L ii:«v ziit TuuiSL passni£ &qiq C to ^ appean to 
iiLVf i 7«cr:ir~ii£it 3Dnci:ii^ iiie veuMaaT cf ivhkii ooDtm- 
uHlnr TT«-» ^ i fiia.!v :jiaL KTiiiL jesBcaif as she ^^mw»jb tovrard 
J- zitsa smasea .. Lni j&sLj. uie p^azMi »ov«s toward A 

J1.I :::.:f :» f>^iLf!ic7 Ui; ffSfici irzacb imflt enaae wkh a 
:•:«£-« Tixrvuiitc u: zZiTerj.-i: rc-r^s. Tiie tfatiooaiy appear- 
Liir« KTisiftf r-roL r:i^ c^-rnn^gftZioe ikai at one point, C. 
«» » caxzunc : :**-&."£ :i*e eariL ax tne oppoute, G, re- 
ryg-Ti!r fr:ai x : '^■iZa hi A iAC sz £ she is cnMsing the 

Jus z:»f 7:iLiwC5 *.':-=:•* nrlj Vj :be ^ctit of the san. Ve- 
m:?. si:*rz:r ixitf ^ &x iicfirirc o(7t)3X. osAt. therefore, to 
t.'L.:^ :i:: riia.>e& !ri»a*L ti JTi^. S47, mhen she first emerges 
zr:i= iitf njs re ue *.-- rr ib* rpnasiie side, as respects 
::ii *Lm. s T»:e:r.:.- TTi^.:'r 25 rtlled ber superior con- 
' iz rr:-c* ^ «»:»: — 3=c fxlfri: t? -ii* ihe whole of her il- 
1: -. 7;f.i^£ ius: n-i. &< &be p£itM« n^:«5 Aio B, a portion 
,c r-i- in.l:!'^ T;i:f-i brcispiirre i$ rrsdiiE::y exposed to 
T f V Ti-i i^rrffLScs 11 D : sn-a ax E we see hiJf of the 
■- --.rtiz-: L:*i rilf :c ;b* csrk bendsi^Lere. She looks, 
irr.-iC.c^ .1* L InJe iili" n:«>r- A* she cozses into the 
n.fer>oc F .T H "w-e see =>:re ird 2:<«e of ber dark side. 
S:tf Sfomf-j t liirr-er sri ihi^rer cnescen:. and at I is 
e"i.:-rr— i^r-i- 2.-'i. p-LSsizc ^:n: ibis toward L M X O, 
ii-i ~r^ zr l: ::- A. we zrrs-i-al'j" recover sight of more 

■ •» ■- »"■ «■» 

I~i=>e r'-ez.zzrnsL nius: reoessanlv ho"d for a planet 
rr-ririzr ii: ai: :r:cr.:r orbii, and were predicted before 
:r«f :-ve=u.^a c:" ;be leiesc-^pe. Thar instrument estab- 
bsCf-i :be i'-'U'^cv of ;be prediction. 

Tre p.ir:* E sniO are the points of Greatest elongn* 

r:.^rcT.-unc::on.aTid I tbeinfei-ior. 
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^^ii: : --f-o; : t ..v;« V:-i< -rx'-r:; ' Hew jo we accunr.: lor her 
.-^•'. i-*i rsr^j-^rihjf ::i.:.:c* '. Wr.} doe» «i;e exhiLii phages ? 




Common obHervation sliowa that this planet differs very 
rauch at different times in brilliancy. Two causes affoct 
her in this respect ; — 1st, tho different amount of iliumi- 
(lated surface which we perceive ; 2d, the difference of 
apparent magnitude of the plauet as she changes position 
.in her orbit. On her approach toward the earth from E 
to H the illuminated portion visible lessens ; but then her 
dimenaions iDcrease by reason of her proximity. '^'"' 



The 




S8S TKANSITi) or VINU8. 

tnaximum of brilliancy lakes place wben she is about 40° 
from ihe sun. 

Moreover, it is obvious that at certain intervals, at the 
tinH( oftheinferiorconjuQctiou.both this >nd the preceding 
piknet roust appear to cross the face of the sun. To this 
phenomenon the name of a transit is ^ven. The planet 
then appears as a round black spot or disc projected on the 
sun. In the case of Venui, these transits take place at Jn- 
tervsk of about eight and one hundred and thirteen yean. 
They furnish the roost exact means of determining the 
sun's parallax. Let A B, Fig. 348, be the earth, V Ve- 




nus, S the son. Let a transit of ihe planet be obBerr- 
ed by two spectators, A II, at the opposite points of 
that diameter of the earth, jirrpendicular to the ecliptic 
Then the spectator at A will see Venus projected on the 
Bun's diac at C, and B at D ; but the an^le A Y B is 
equal to the angle C V D ; and sitice the distance of the 
earth from the bud is to that of Venus from the same 
body, as about Sj to 1, C D will occupy on the sun's disc 
a space S^ times that under which the earth's diameter is 
seen — that is to say, five times as much as (he horizontal 
parallax. The sun's parallax, as determined from the 
ti-ansit of 1769, is 8"-6 nearly- 

Tho period occupied by this planet in performing her 
revolution round the sun is SS4 days, 16 hours, 42 min- 
utes, 25.5 seconds. The orbit is inclined to the ecliptic 
3° 23' 25". She revolves on her axis in SSh 21' 19". 
Her diameter is about 7800 miles. She is, therefore, 
Tery nearly flie size of the earth. 



WhBtuJmr diameter t 



Whet ii* transit r At whit intemU 

: of Venui? How ire theH used lo 

Whit ii the peiiod of reiolotioD of Hat pUuet T 
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Mass is the next plai 
him and Venus, his orl 
and in common with the others that follow, be is desig- 
nated as a sujrerior planet. He is of a reddish color, HDd 
Bomctimes appears gibbous, and holh when in conjii notion 
and opposition exhibits a full disc. The diameter differs 
very greatly according to his position, and wiih it, of 
coiirae, bis brilliancy varies. The distance from the suu 
is about 146 millions nf miles, he revolves on his axis in 
a4h 31' 32", the inclination of his orbit to the ediptic is 
1° 51' 1". As with the earth bis polar diameter is shoiter 
than his equatorial- 

The physical appearance of Mars is somewhat remark- 
able. His polar regions, when seen through a telescope. 
liBve B brilliancy so much greater than the rest of his disc 
that there can be little doubt that, as with the earth so 
with this planet, accumulations of ice or snow lake place 
during the winters of llioso regions. In 1781 the souLb 
polar spot was extremely bright j for a year it had not 
been exposed to the solar rays. The color of the planet 
most probably arises from b dense atmosphere which 
eurrounds him, of the existence of which there is other 
proof depending on the appearance af stars as they Jp- 
proach him; they grow dim and are sometimes wholly 
extinguished aa their rays pass through that medium. 




LECTURE LXVT. 

Tm Sola* System, — The Fire Agteroidau — Jupiter amd 
hiM SatfUiUM. — Satitrm, his Rimgt amd Satettites, — 
TrezMf. — Xfpiwte.—TAe Comets.— Retwrms cf Bailey's 
Cowkgt. — CumeU ofEacke ttmd Bida, 

OcTsiDK of the orbit of >Ian there oecor fire telescopic 
plaoecs clofielT groapr^ together — diey ue YBtTAf Juno, 
Cekes, PALL'jk!, and Astkea. They hsve all been di»- 
corefed within the present centaij, die Int of them in 
1846. From their smalhiess and diatanoe thej" are far 
from being well known. The IbDowiAg table eootains 
the chief facts in relation to them. 
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miles. 



Veau 

Juno 
€em 

Pallas 
Astrpa 



3 JT9. 66d. 4h 

4 rra.]28d. f 

4 yrs. 7 m. 11 d.' 

4 rrs. 2 m. 4 rl • 



7^ y 
133 4V 

10^ 37' 25* 
^- 37' 30" 
^7€r 



S2Si.000LaOO 



264.anL000 

267.000.000 
250000000 



1320 
1320 
1930 



It has been thoogbt that these small planets are merely 
the fragments of a mncb larger cme which has been burst 
asunder by scmie catastrophe. There seems to be some 
foundation for this opinion. It has been asserted that 
they are not round, but present ang^ular faces. They are 
also enveloped in dense atmospheres, and in the case of 
Juno and Pallas, their orbits are greatly inclined to the 
ecliptic. These planets are sometimes called asteroids. 

Jupiter, the largest and perhaps the most interesting 
of the planets, has bis orbit immediately beyond that of 
the asteroids. He always presents his full disc to the 
earth, and performs his revolution ronnd the sun in 11 
years 318 days, at a distance of 495 millions of milea 
He is nearly 1500 times the size of the earth, being 
89,000 miles in diameter. 



What planets come next in order to Maraf What is there remarkable 
respecting the size and orbits of these planets T Under what name do 
they also go ? What is the position and sue of Jupiter ? 



JL'PITER. ^35 

Immediately after llie invention of tlie telescope, it waB 
discovered by Galileo that Jupiter is stteitded by four 
aatellitea or moons, whicb revolve round him in orbits 
almost in the plane of his efiuator. Each of these satel- 
lites revolves on its own axis in the same time that it 
goes round its primary, so that, like our own moon, they 
always turn the same face to the planet. Like our 
moon, also, they exhibit the phenomena of lunar and 
solar eclipses. Advantage has been taken of these 

Fig. 350. 




eclipses to deterinine terrestrial longitudes, and we have 



already seen it was from them that the progressive r 
tioii of light waa fii-st established. 

Jupiter revolves on his axis in 9h. 56'. This rapid ro- 
tation, therefore, cansea him lo assume a Battened form — 
his polar axis being -^ sliorler than his equatorial, and as 
bis axis is nearly perpendicular to the plane of his orbit, 
bis days and nights must be equal, and there can be bnt 
little variation in his seasons. Hie diac is crossed by belts 
€ir zones, which are variable in number and parallel to his 
eqnalor. 

Saturn, which is the next planet, performs his revolu- 
tion round the sun in about twenty-nine years and a half, 
at a distance of 91S millions of miles. The inclination of 
his orbit to the ecliptic is 2° 30'. He is about 900 times 
larger than the earth, being 79,000 miles in diameter. 

How in»nT mtelliles ho« he T What B(i«nHgo hw been taken of Iheir 
ellipse* 7 What hi [he lime of rotation of tbia planet on hie am t What 
)■ the relation of his equaioifal la bis po1« diuietei I What la tht dia. 



336 SATCKN AND URANUA. 

He turns on his axie in lOJ hours, and the flattemag of 
his polar tJiamefer is j\. 

Seen througli the telescope, Saturn pvesentB a most ex- 
traordinary aspect His disc is crossed wiih bells, lika 
those of Jupiter; s broad thin ring, or rather combina- 
tiun of rings, BurroundB him, and beyond this seven satel- 
lites revolve. The ring is plainly divided into two con- 
centric portions, a b, as seen in Fig. 351, and other sub- 




divisions have been suspected. The larger ring is nearly 
205,000 miles in exterior diameter, and the apace between 
theiwoSeSO miles. The rings revolve on their own cen- 
ter — which does not exactly coincide wiih the center of 
Saturn — in about JO hours and 20 minutes. The excen- 
tricity of ihe rings is essential to their stability, 

Uranus, discovei'ed in 1781, by Herschel, revolves in 
an orbit exterior to Saturn, in a period of about 81 years, 
and at a distance of 1840 millions of miles. The incli- 
nation of its orbit to the ecliptic is 46}'. It can only be 
seen by the telescope. Its diameter is 35,000 miles. Six 
satellites have been discovered. 



NEPTL'NE. 337 

Neptune, — This planet was discovered in 1846, in con- 
sequence of raalhoniaticai inveBtigarions made by Adams 
ana Levenier, with a view of explainins; the pertarba- 
ticma of Uranns. It waa also Been in 1795 by Lalande. 
and regarded by him as a fixed star. Its period is about 
166 years — very nearly double that of Uranus. The in- 
clination of ita orbit is 1° 45'. The excentrici[y is only 
0,005. The orbit is, therefore, more nearly a perfect 
circle than that of any other planet. There is reason lo 
believe that Neptune is surrounded by a ring analogous 
to the ring of Saturn. 

The planetary bodies now described, with their attend- 
ant satellites and the sun, taken collectively, constitute 
the solar system, a representation of which, as respects 
the order in which the bodies revolve, is given ill Fig. 
352. In the center is the sun, and in close proximity to 



1 




him revolves Mercury, outside of whoso orbit comes Ve- 
nus. Then follows the earth, attended by her satellite, 

thai a the poailinii of Neptune ? Of wb»t ia ilie lolnr sjilem com- 
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»d ploact Neptune. 

M tbat firea io Fiff. 352, eao 
r im which die members i^ the 
dno suitable idea oftbeir 
^ Tbos. in tbat figure, 

■c AiHtaec af ife aaa is aboni tbe leath of «n 
, ^ ai, the diameier 

«t iW «Elit rf ife pfaaet N«fCw»e •hoold be aboat fifty 
tatt. A SMAr nhii n iTif Miigfal be mode as resjiecU 

BW fcarii'ti tbcM bodws, tbcie »« otlwn imw Io be 
4cM>)bB^ wUdb are nemben of oar aobi ETstem. They 
an ^M ea^KU. T^tj notv » t«tt eauentric otbjts, and 
■■• Miy tiwhk. xo Bs wfacB nnr dieir peribdiva. In ap- 
ftmrmmtm ttpf fi&r very ftcstlj fiom one aoocfaer, buL 





RETURN OF COMETS. 339 

times they are seen without this remarkable appendage. 
In other instances it is of the most extraordinary length, 
and in former ages, when the nature of these bodies was 
ill understood, occasioned the utmost terror, for comets 
were looked upon as omens of pestilence and disaster. 
The comet of 1811 had a tail nearly 95 millions of miles 
in length — that of 1744 had several, spreading forth iu 
the form of a fan. 

The history of the discovery of the nature of comets is 
very interesting. Dr. Halley, a friend of Sir I. Newton, 
had his attention first fixed on the probability that several 
bodies, recorded as distinct, might Be the periodic returns 
of the samie identical comet, and closely examining one 
which was seen in 1682, oame to the conclusion that it 
regularly appeared at intervals of seventy -five or seventy- 
six years. He therefore predicted that it ought to reap- 
pear about the beginning of the year 1759. The comet 
actually came to its perihelion on March the 13th of that 
year, and again, afler an interval of seventy-six years, in 
1835. 

Besides the comet of Halley, there are two others, the 
periodic returns of which have been repeatedly observed. 
These are the comet of Encke and that of Biela. The 
former is a small body which revolves in an elliptical or- 
bit, with an inclination of 13^® in about 1200 days. Its 
nearest approach to the sun is about to the distance of the 
planet Mercury^ its greatest departure somewhat less 
than the distance of Jupiter, Its motion is in the same 
direction as that of the planets. 

The comet of Biela has a period of 2460 days. It moves 
in an elliptical orbit, the length of which is to the breadth 
as about three to two. Its nearest approach to the sun is 
about equal to the distance of the earth ; its greatest re- 
moval somewhat beyond that of Jupiter. It reappears 
■with great regularity, but in the month of January, 1846, it 
exhibited the wonderful phenomenon of a sudden division, 
two comets springing out of one. This fact was first seen 
by Lieutenant Maury, at the National Observatory at 
Washington. 

Nothing is known with precision respecting the n ature 

When wae the periodic return of comets firat detected ? What other 
two comeU have been frequently re-observed ? What remarkable result 
lias been noticed respecting Biela's comet t 
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of these bodies. They are apparently only attennatpd 
masses of gas, for it is ssud that throngfa them stars of the 
sixth or seTenth magnitade have been seen. In the case 
of some there appears to haTe been a solid nucleus uf 
small dimensions. 



LECTURE LXVIL 

The Sbcokdakt Planets ok Satellites. — The Moon, 
ktr Phaaea^ her Period of Revolutiom^ her Physical ap- 
pearamct always pretemiM the wame face, — Edipsea of the 
Moom. — Eclipaee of the Smm^ — Re^rettde of Eclipses. — 
Occmliaiiome. 

The motions of the secondary bodies of tbe solar sys- 
tem, the satellites, and more especially the phenomena 
of our own moon, deserve, from ueir importance, a more 
detailed investigation. To these, therefore, I proceed in 
this lecture. 

That the moon has a proper motion in the heavens the 
observations cf a single night completely proves. She 
is translated from west to east, so that she comes to the 
meridian about forty-five minutes later each day, and 
performs her revoluUon round the earth in about thirty 
days, exhibiting to us each night appearances that are 
continually changing, and known under the name of 
phases. 

First when seen-M the west, in the evening, she is a 
crescent, the convexity of which is turned to the sun. 
From, night to night the illuminated portion increases, 
and about the seventh day she is half-moon. At this time 
she is said to be in her quadrature or dichotomy. The 
enlightened portion still increasing, she becomes gibbous, 
and about the fifteenth day lajkll. She now rises at sun- 
seL 

From this period she continually declines, becomes gib- 
bous, and at the end of a week half-moon. Still further 
she is crescentic ; and at last, after twenty-nine or thirty 
days, disappears in the rays of the sun. 

What is snpposedno be the physkmlcoostitatioD of these bodies? What 
is the direttioD of the mooo's molioo ? In what time is a complete lero- 
iolion completed t What aze her phases ? Describe their order. 
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At new-moon, she is said to be in eanjunctian with the 
sun, at full-moon in opposition ; and these positions are 
called syzygies ; the intermediate points between the 
syzygies and quadratures are octants. 

Fig,2&L 




a 



The cause of the moon's phases admits of a ready ex- 
planation oh the principle' that she is a dark body, re- 
flecting the light ot the sun, and moving in an orbit round 
the earth. Thus, let S, Fig. 354, be the sun, E the earth, 
and ah c, &c., the moon seen in diflerent positions of her 
orbit. From her globular figure, the rays of the sun can 
only illuminate one half of her at a time, and necessarily 
that half which looks toward him. Commencing, there- 
fore, at the position a, where both these bodies are on 
the same side of- the earth, or in conjunction, the dark 
side of the moon is turned toward us, and she is invisi- 
ble ; but as she passes to the position h, which is the oc- 
tant, the illuminated portion comes into view. And when 
she has reached the position c, her quadrature, we see 
half the shinine and half the dark hemisphere. Here, 
therefore, she is half-moon. From this point she now 
becomes gibbous ; and at % being in opposition, exposes 
her illuminated hemisphere to us, and is, therefore, fuU- 
mcon. From this point, as she returns through y*^ A, 
she runs through the reverse changes, being in succes- 
sion gibbous, half-moon, crescentic, and finally disappear- 
ing. 

l^bat are the syzygies* and quadratures, and octants T What is the ex- 
planstioa of Uhe phases T 



Tmw«4 iftiwigfc ■ telescope. 



ir^e of die moon 
tfcm being hi^ TDuimiaiDS and deep 
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d to be water. 




at diSerent t 
pn>Te« that abie is not 
a tfae eanb ; and, in fact, 
I eaitli Wing in one of the 
It 230,000 mifea. Sbe accom- 
yaHitm A* Mtnk tvwod Ite cm. a»d nvna on ber axis in 
pnnwtr <^ s*M» leo^ ^tiaae wfaodi it takes ber to 
|MJica bm BUMblf rarohuMau CooMqaenUy. sh« al- 
WMayw«wrt » Iowa the M^a face. Her orbit is inclined 
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ECLIPSE OF THE MOON. 84S 

degrees. Its pointsof intersection with the ecliptic are 
the nodes. Her greatest apparent diameter is 33 J min- 
utes. The nodes move slowly round the ecliptic, in a di- 
rection contrary to that of the sun, completing an entire 
revolution in about eighteen years and a half. Although, 
for the most part, she presents the same face to the earth, 
as has been said, yet this, in a small degree, is departed 
from in consequence of her libration. This takes place 
both in longitude and latitude, and brings small portions 
of h^r surface, otherwise unseen, into view. 

The relations of the sun, the earth, and the moon to 
one another afibrd an explanation of the interesting phe- 
nomenon of eclipses. These are of two kinds — eclipses 
of the moon and those of the sun. 

The earth and moon- being dark bodies/ which only 
shine by reflecting the Hght of the sun, project shadows 
into space. Let, thereforo^ A B, Fig» 3^6, be the sun, 
C D the earth, and M the moon, in such a position, as 
respects each other, that the moon, on arriving in oi)po- 
sitioB, passes through the shadow of the earth. The light 
is, therefore, cut off, and a lunar echpse takes place. 




The shadow cast by the earth is of a conical form, a 
figure necessarily arising from the great size of the sun 
when qompared with that of the earth. The semi-diame- 
ter of the shadow at the points where the moon may 
cross it varies; from about 37' to 46l' — ^that is, it may be 
as much as three times the semidiameter of the moon. 
A lunar eclipse may, therefore, last about two hours. 

The time of the occurrence of an eclipse of the moon 
is the same at all places at which it is visible. It is, of 
course visible at all places where the moon is then to be 

How many kinds of eclipses are there ? Under what circnmstance does 
a lunar eclipse take place ? How long may a lunar eclipse last 7 How is 
ite magDitude estimated 7 
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Mi KursB or thb stv* 



The ssazTumde of the eclipse is esdmated in digits, 
iCaaseter 4^' the mooD being supposed to be divided 
■09 bWelie dz^itahi 

WoafieTer maT be tbe c ii c u mgtances under which a 
haar eciipae takes place, tbe shadow of the earth is al- 
ways circular. AdTanfiase has aireadj been taken of this 
6ct in c^vio? proof of the spherical figure of die eaith. 

If the plane of die moon's orbit were not inclined to 
^e eclipcic there would be a lunar eclipse erefyfull 
Bocn. It k necessanr, t he i cforc, far diis to occur, that 
the moon should be eidier in or near to the node, so that 
the suBL the earth, and the moon ma j be in the same line. 
It was explained in Lecture XXXV., that a body situated 
under the same cxrcumstances as those under which the 
earth is now ooosideied fixms a pemumht u as well as a 
true shadow. There is^ therefore a gradual obscuration 
of fisht as the moon approaches the conical shadow, aris- 
ing fimm its gradual passage through the penumbra. 

An eclipse of the sun ^es place under die foBowing 
circumstancca. Let A B^ Fig, 357, be the sun, M the 
moon, and C D the earth. Whenerer die moon passes 




B 

directly between the earth and the sun, she hides bis disc 
from as, and a solar eclipse takes place. It is partial 
when ooly a portion of the sun is obscured, annular when 
a ring of light surrounds the moon at the middle of the 
eclipse, and total when the whole sun is covered. 

As the moon is so much smaller than the earth, the 
conical shadow which she casts can only corer a portion 
of the earth at a time. Solar eclipses occur at different 
times to different observers, and in this respect, therefore, 
eclipses of the moon are more frequendy observed than 



What is to be observed respecting the figure of the earth*s shadow ? 
Why is there not a lunar eclipse every month? Under what ciicom- 
stance does an eclipse of the son take place? Why is there a difference 
between solar and lunar eclipses as respects the time at which they are 
•een, and also as respects their relative trequency ? 
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those of the sun. Like lunar eclipses, solar ones can 
only occur in or near one of the nodes. Solar eclipses 
€»n only occur at new moon, and lunar at full moon. 

Like the earth, the moon casts a penumbra ; it is a cone, 
the axis of which is a line joining tne centers of. the moon 
and sun, and the vertex of which is a point where the 
tangents to the opposite sides of the bodies intersect. 

Elclipses recur again after a period of about 18^ years. 
In each year there cannot be. less than two nor more than 
seven eclipses ; in the former cfise they are both solar, in 
the latter there must be live of the sun and two of the 
moon. Theris must, therefbre, be at least two eclipses 
of the sun each year, and catanot be more than three of 
the moon. 

The satellites which move round Jupiter, Saturn, and 
Uranus, exhibit the same phenomena of phases and 
ectipses to the inhabitants of those bodies as are exhibited 
to us by our moon. Advantage has been taken of the 
eclipses of Jupiter's satellites for the purpose of deter- 
mining longitudes upon the earth, and from them the 
progressive motion of light was first established. 

An occultation is the intervention of the moon between 
the observer and a fixed star. Occultatioils may be used 
for the determination of longitudes. 

After what period dp ^lipsee recur T How may thev occur as to num- 
ber each year 1 What use is made or the eclipses of Jupiter's satellites T 
What ia an occultation ? 

P* 
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LECTURE LXVIIL 

The Fixed Stars. — Apparent Magnitude*. — Constdla- 
iiaiu. — The Zodiac. — Nomenclature of the SturM. — 
DoMe Start, — Parallax. — Distance of the Start, — 
Groups of Stars, — Nebida, — Constitution of the TJnir 
Terse, — Nehular Hypothesis. 

With the exception of the san and moon, the hearenly 
bodies hitherto described form but aiL insignificant por^ 
don o£ the di^lay which the skies present, to as. For, 
besides them there are numberless other bodies of Ta- 
rioos sizes which, for rery great periods of time, maintain 
stationary positions, and for this reason are designated as 
fixed stars. . ^ 

The fixed stars are classed according to their apparent 
dimensions ; those of the first magnitude are the largest, 
and the others follow in succession $ the number increases 
very greatly as the magnitudes are less. Of stars of the 
first magnitude there are about eighteen, of those of the 
second sixty, and the telescope brings into view tens of 
thousands otherwise wholly invisible to the human eye. 

From very early times, with a view of the more ready 
designation of the stars, they have beea divided into con- 
stellations ; that is, grouped together under some imag- 
inary form. The number of these for both hemispheres 
exceeds one hundred. They are commonly depicted upon 
celestial globes. 

The ecliptic passes through twelve of the constella- 
tions, occupying a zone of sixteen degrees in breadth, 
through the middle of which the line passes. This zone 
is called the zodiac, and its constellations with their signs 
are as follows : 

Aries V Libra »^ 

Taurus » Scorpio m 

Gemini n Sagittarius t 

Cancer s Capricornus V? 

IjCO 41 Aquarius ^ 

Virgo n Pisces H 



What are the fixed stars T How are they divided ? How many of the 
first and second magnitudes are there 1 What are constellations ? What 
is the xodiac T Mention the constellations of it. 
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The order iu wbich they are here set down is the 
order which they occupy in the heavens, commencing 
with the west and going east. Motions of the sun and 
planets in that direction are, therefore, said to be direct^ 
and in the opposite retrograde. 

^ To many of the larger stars proper names have been 
g^ven. These, in many instances, are oriental, such as 
Aldebaran, but they are chiefly designated by the aid of 
the Greek letters, the largest star in any constellation 
being called a, the second (3, &c., to these letters the 
name of the constellation is annexed. 

The Dosition of any star is determined by its declina- 
tion ana right ascension, and though these positions are 
conmtionly regarded as fixed, yet the great perfection to 
which modem astronomy has arrived has shown that the 
stacs are afiected by a variety of small motions, although, 
in some instances, these may arise in extrinsic causes, 
such, fur example, as in the case of aberration, yet there 
can now be no doubt that the stars have proper motions 
of their own. This is "most satisfactorily seen in the case 
of double stars, of which there are several thousands. 
These are bodies commonly arranged in pairs close to- 
gether, the physical connection between them is established 
by the circumstance that they revolve round one another ; 
thus, y, Virginis, has a period of 629 years, and e, Bootis, 
one of 1600 years. 

From the planets the stars differ in a most striking 
particular : they shine by their own light. It this respect 
they resemble our sun^ who must himself, at a suitable 
distance, exhibit all the aspect of a ifixed star. We there- 
fore infer that the stars are suns like our own, each, 
probably like ours, surrounded by its attendant but in- 
visible planets ; and, therefore, though the number of the 
stars as seen by telescopes may be countless, the number 
of heavenly bodies actually existing, but not apparent 
because they do not shine by their own light, must be 
vastly greater. In our solar system there are between 
thirty and forty opaque globes to one central sun. 

It is immaterial nom what part of the earth the fixed 

• What are direct and what retrograde motions ? How are stars designa- 
ted ? How is their position detefinined ? How is »tknov>m that gome of 
them have proper motions ? What are double stars ? In what respect do 
stars differ from planets ? 
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• Acy exhibit no chmnge of position, an^F 
iMttl pyriliyi : an olgect 8000 miles in ^-^ 
; at tint Stance is wboDj ioTisible firom them. 
., when viewed at interrak of six montlis, when 
esrdi is on ofpceke sides of her oHhI — m distance of 
190 w^^^'^M— » of miles interreniDg — the same result holds 
goud. To the licmret of them, therefore, our son must 
acwor «i a mcxe Biathematical load point-— that is to 
i»T. a scar. 

'in Lcctvre LXT^ die mediod of determining the dis- 
tnace of the s«b has heen grren. The same principles 
opfr IB the dctecmnaiioB of die distance of a fixed star. 
The'bortxooiai panllax maj he Ibond withoot difficulty 
fx- the bodies of oar solar system: itis»inrealitj,the angle 
aadcr which the earth's semi-diameter is seen from them. 
Bsrt when Ais method is ^iphed to the fixed stars, it is 
£KO«ef<ed tfbnft diey have no snch sensible parallax; and, 
tibRe&re* tfbaft the earth is, as has been obeerred, wholly in- 
v^b^ &Qes ^faeaa. This is iDastrated in Fiff. 358, in which 
let S Se the saoa.. A B C D the earth, moving in her orbit, 
and cbe tines Aa^Bi^Cr, Dd die axis of the earth, 
coBCaaaed to the atarrr heaTeas. This axis, we hare seen 
GB Leictare XXT,, is always parallel to itself; it would 
the n e & ee trace in the Many hearens a circle, Ji h c d, of 
cc:xsl BMgakii de with die earth's orbit, ABC D — that is, 
I^ biIIms of miles in diameter. If H be a star, when 
:Se eas^ is at the point A of her orbit the star will be 
cucaat firom die pole of the heaTens by the distance a H, 
ashi rnhLM she is at the point C. by the distance c H. It 
takes she earth six months to pass firom A to C, 190 mil- 
ficos ef miies^ Bat die most delicate means fasTe hith- 
e?to miieidl to detect any displacement of a star, such as 
H. as rvspeets the pole, when thus examined semi-annu- 
aHy. It Mlowsw therelbre, that the diameter of the earth's 
achk is whoQy inrtsible at those distances. 

A^aia. let E F I G, Fi^. 359, represent the orbit of the 
^^irth. aal K any fixed star, it is obrions that when the 
eanh is at G the star would be seen by G K, and refer- 
red x> die pornt* • ; when the earth is' at F it would be 
aeec by F iL and referred to A, and the angle tK A, which 



K»«t«^«K«M>«ndpu«Ikz? WkM BMut be the appeannce of 
'fvc^MtttoMKl BiylmilheflhwtfirtnmgnqimJ%«.356«ad359i» 
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ia equal to F K G, would bo ibe annual parallax, or ihe 
angle under wliich ilie eartira orbit would be aeeii from 
ibe 8lar. But though this ia 190 millions of miles, so im- 
mensB ie the (listance at which tbe fixed stars are placed 
that it is wholly imperceptible. 

Id a few instances, liowever, an annual parallax has 
been discovered. Thus, in iho star 61 Cygni, amounts to 
about one third of a second. The distance of tbe near- 
est fixed star ia, thereforB, enormously greet. 

The atars are not scattered uniformly over the voult of 



liMTeD, but appear arranged in collections or groups. 
Kg. xa. Just as the planets and 

'r ealellJCes make up, 
I Willi our aui), one little 
I ayEtem, so too do suns 



le milk} nay I 
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fore, be periodical ; and that this is the case there is rea- 
son to believe as respects one which appeared in the years 
945, 1264, 1572, in the constellation of Cassiopeia. Its 
period seems to be 319 yeara. 

Among the nebulae there are some which powerful tel- 
escopes tail to resolve into stars — a circumstance which 
has caused somfi astronomers to suppose that they are 
in reality diffused masses of matter which have not as 
yet taken on the definite fonn of globes^ but are in 
the act of doing so. And, extending these views to all 
systems, they have supposed that all the planetary and 
stellar bodies are condensations of nebular matter. To 
this hypothesis, although if admitted it will account for a 
great many phenomena not otherwise readily explained, 
there are many objections : and it is also to be ooserved 
that every improvement which has been made in the tel- 
escope has succeeded in resolving into stars nebulae until 
then supposed to ba unresolvable. The inference, there- 
fore, is, that were our instruments sufficiently powerful all 
would display the same constitution. 



LECTURE LXIX. 

Causes of the Phenoicena of the Solar System. — 
Definitions^ of the ParU of an Elliptic Orbit, — Laws of 
Kepler. — ConjoiiU JEfiects <^ a Centripetal and Projectile 
Force. — Newton's Theory of the Planetary Motions. — 
His Deductions from Kepler* s Laws. — Causes ofPertur^ 
bations. 

Having, in the preceding Lectures, described the con- 
stitution of the solar system, and of the Universe gener- 
ally, we proceed, in the next place, to a determination of 
the causes which give rise to the planetary movements. 
We have to call to mind that observation proves that the 
figure of the orbits of these bodies is an ellipse, the sun 



What is meant by the nebular hypothesis ? What are the objections to 
it ? Describe the parts of an elliptic orbit. 
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b«iog in one of.the foci. Thos, in Fig. 363, let F be the 
mukrA B DE.va elliptic orbit, A is the peiihelion, B tbe 



Jl^.363. 





aphelion, F D the mean distance, and JP C, which is the 
distance of the focus from the center, the excentrioity ; 
a line joining the sun and the planet is called the radius 
vector. 

There are three anomalies — the true, the mean, and the 
excentric. They indicate the angular distance of a planet 
Fig. 364. from its perihelion, as seen from the sun. 
Let A ^ B be the orbit of a planet, S tbe 
sun, A B the transverse diameter of the 
orbit, jf the place of the planet, C the cen- 
ter of the orbit, with which center let there 
be described a circle, A a; B ; through p draw x p Q, and 
suppose that while the real planet moves from A to p, 
with a velocity which varies with its distance, an imagin- 
ary one moves in the same orbit with an equable motion, 
so that when the real planet is at p, the. imaginary one is 
at P, both perfbrmipg their entire revolution in the same 
time. Then A S /? is the true anomaly, A S P the mean 
anomaly, A C x the excentric anomaly. 

From an attentive study of the phenomena of planetary 

What is the radius vector ? What are the true, the mean, and the ex- 
centric anomaly ? 



KBPLEft's LAWS. 355 

motions, Kepler deduced tlieir laws. These pass under 
the designation of the three laws of Kepler. They are— - 

Ist. The planets all move in elKpses, of which the sun 
occupies one of the foci. 

2d. The motion is more rapid the nearer the planet is 
to the sun, bo that the radiqs vector always sweeps over 
equal areas in equal times. 

3d. The squares of the times of revolution are to each 
other as the cubes of the major axes of the orbits. 

It is one of the fundamental propositions of mechanical 
philosophy that a body must forever pursue its motion in 
a straight line unless acted upon by' disturbing causes, 
and any deflection from a rectilinear course is the evi- 
dence of the preisenoe of a disturbing force. Thus, when 
a stone is thrown upward in the air, it ought, upon these 
principles, to pursue a straight course, its velocity never 
changing ; but universal observation assures us that from 
the very first moment its velocity continually diminishes, 
and after a time wholly ceases — that then motion takes 
place in the opposite direction, and the stone falls to the 
surface of the earth. In former Lectures, we have already 
traced the circumstances of these motions, and referred 
them to an attractive force common to all matter, and to 
which we give, in thdse cases, the name of universal at- 
tractipn, or attraction of gravitation. 

In speaking of the motions of projectiles. Lecture 
XX, it has been shown that, under the action of a 
force of impulse and a cfontinuous force acting together, 
not only may a moving body be made to ascend and de- 
scend in a vertical line, but also in curvilinear orbits, such 
BJB the parabolic; the concavity of the curve looking toward 
the earth's center, which is the center of attraction. It 
should not, therefore, surprise us that the moon, which 
may be regarded in the light of a projectile, situated a^ 
« great distance from the earth, should pursue a curvi-^ 
linear path, oonstatitly returning upon itself, since such 
must be the inevitable consequence of a due apportion- 
ment of the intensity of the projectile and centrtu forcei 
to one another. 

It is the force of gravity which, at each instant, makes 

. — ■ ■ » ■ " 

What are the tbre© laws of Kepler T How may it be prored that an at- 
tractive force eziato in all the planetary maaies f What is the ratnU of 
the action of a momentary and « continuous force 7 



1 
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m eannoB-ball descend a little way from its ractiliBear 
path. And it is the same force which also briogi down 
the moon from the rectilinear path she would odienirise . 

£ursue, and makes her fall a little way to the earth. In 
lecture XX.I, Fig. 107, we have shown how, under this 
double influence, a circle, an ellipse, or other conic sec- 
tion, mast be described ; and it was the disoorery of these 
things that has given so g^reat an eminence to Sir Isaac 
Newton, he having first prm'ed that it is the same force 
which compels a projectile to return to the earth and re- 
tains the moon in her orbit. 

But more than this, extending this conclusion to the 
solar system generally, he showed that, as the moon is 
retained in her orbit by the attractive it^uence of the 
earth, so is the earth retained in hers by the attractive 
influence of the sun. And taking the laws of Kepler 
as facts established by observation, he proved, from the 
equable description of areas by the radius vector, that 
the foi*ce acting on the planets and retaining them 
in their orbits must be directed to the center of the 
sun. From Kepler's first law of the description of ell^ 
tic orbits with the sun in one ai the foci, he deduced the 
law of gravitation or of central attraction generally — 
that is, that the force of attraction on any planetary body 
is inversely proportional to the square of its distance 
from the sun. And from Kepler's third law that the 
squares of the times of revolution are as the cubes of i 

the major axes, he proved that the force of attraction is 
proportionate to the masses. 

The progress of knowledge from the time of Newton j 

until now has only served to establish the truth of these 
great discoveries, and far from restricting them to our own 
solar system, has shown beyond doubt that they apply 
throughout the universe. The revolutions of the double 
stars round one another are consequences of the same 
laws which determine the orbitual movements of the sat- 
ellites of Jupiter round their primary, or of Jupiter him- 
self round the sun. , 
Even those outstanding facts which, at an earlier pe- 
riod, seemed to lend a certain degree of weight against 

How may this reasoning be applied to the moonT How to the Mriar 
STStem generally 7 What did Newton deduce from Kepler's laws 7 0oee 
the same theory apply beyond the solar system ? 
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the foil operation of the theory of Newton hare, one 
after another, hecome illnstrations of its troth as thej 
have in snccession become better onderstood. 

Thus, for example, the deviations which the moon ex- 
hibits from a troly elliptic orbit in her passage roond the 
earth, and which at first sight might seem to bear against 
Newton's theory, are, when properly considered, dbe in- 
evitable consequences of it. If the motions of the moon 
were determined by the influence of the earth's attrac- 
tion only, her orbit must -be a perfect ellipse, always in 
the same plane, and without any retrogradation of the 
nodes. But observation shows that this is not the case ; 
and, in reality, Newton's theory coold have predicted 
what is actually the fact ; for the moon is not alone under 
the influence of the earth, but, like the earth, simulta- 
neously under the influence of the sun. In her monthly 
revolution her distance alternately varies from the latter 
body by nearly half a million of miles, in her opposition 
being farther off, and in her conjunction being nearer to 
him. The law of- the inverse squares, therefore, comes 
to apply ; and the result must be in some positions an ac- 
celeration, and in some a retardation of her motion. And, 
as her orbit is not coincident with the plane of the eclip- 
tic,- the action of the sun must necessarily tend to draw 
her out of that plane, and thus produce the retrograde 
revolution of her nodes. 

The summation of the theory of Newton, therefore, 
comes to this, that all masses of matter in the universe 
attract one another with forces, the intensities of which, 
at equal distances, are proportional to their masses, and 
which, with equal masses, at different distances, are in- 
versely proportional to the squares of those distances. 
That the elliptical motion results from a primitive projec« 
tile impulse impressed on the heavenly bodies by the 
Creator, conjoined #ith the continuous agency of the at- 
tractive force. Upon these principles every variety of 
motion exhibited by the celestial boaies may be expound- 
ed, whether it be the almost circular path described by 

What should the moon's motion be if under the influence of the esrth 
alone ? What is if in reality ? To what cause is this doe T How is it 
that the sun impresses' changes of velocity on the moon's motion, and 
makes her nodes reUograde ? What are the principal points in Newton's 
theory? 



Mas. r.icxi£ ^ip eirsk. iae exocaKTelj eccentric eHip- 
i«e»£ :j icflsie c^^heo zvMUkd tbe saD, or the paia- 
itiiic :c 2 jwrici^ «R<u* iSxtw^ or odien ; in which case 
zut^ tacis zvsz sj«M* =^2 c«£e. and. haTing passed their 
nemeiiirn, .«£ftT« x f :nrrer. Moveorer* these principles 
yt^.ti la s. riftfsr *^-"-«'^«-'^^ c£ ocher SKts — at first not ap- 
ikLTi'i^j rjoxxifcaoi. v^ ^if^ inira as pertnrbatioDs gen- 
tfn^'j . ^itt 2;r4;r± <£ liie eastb. and tbe tides* which are 
nuiseti iL =itf ie^ r j 3« OMjntn? inflaence of the sun 
hiiL ue siitUL as we s&aH 2i3w proceed to explain. 
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T'it. — :?'mr-ji Piremmfm* •r tie TuU*.—Cumeetim 
ViTi Titg p«in::Mis #r li* 3lMa. — E^fitts of ike Dntrmal 
JJaeum. — ^.fttsaMs Vn" '^■'^"^' — Local TVJo/ Ejects. 

1^ =:e =)^ v» 2=»fX2 £:; ejevucA and depression of 
r:i; ▼x.-i-r* .x lie sftu .-orsrrEi^ twire during the course 
.c X ia- Frc xjccs: sot *!i:<z7^ ibe sea £ows from sooth 
r. :..i--:: -: litsi ryr.r -l-« sThr resry i-x about a quarter of 
ti : .i-r ziifa fccs ix il-e crr^zi^re directxa for about 
^.-v r'-«L^w "5* rifa. scir-rcrrT s.^»i=. sbr a quaiter. and then 
•-•xa.n^fac^fs :: 5:«-. x: ilis eleraizoo and depression 
. :ir "lAse* .c £'.«:*i iZfl ere iz« ^i^^s. And as the ab- 
^. i;":* i>r:r!»: »c lie nSes viri-ea;. S5 we shall presently 
-*^^' 1.: £:.5:v^rii; r.zr*f^ ik l:^:besc die is called a spring- 

Vtv sir^y-r? ^-c" r.s»i ror-iri'ed :n ooe flow ar.d ebb is 
: >t .1 : :ir-ij»-f i.-i^;^^ iii 7Tr-c;:T-£Te sisules. There are, 
::c.-i-j..-v. rir; ;. f.^* I».r£z^: -oe s^zat dsT— <wr. what is the 
>xni,' i- sv.-r :^-£^ :j>f — -.:c cr:®?** um meridian, whether 
$ii .X'.-i.c ,-.: .rikr-.c ih.*r« is tiiie; £»ul tbe actual time 
^c I jL-r. '*-r.;i^r .-.::: t: 5<i £« roc a: tbe insxant when the 
rH* TO.v»t 3< .Lvcc :i-e sr.eriiU::, but about two hours 
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*rc.-.^ «,>rnf ^:^f- :">nr..'ci»«rA m^x-i th» rbevrr cir!a:n*. What is 
. ■■ >-:^- .;. c ■ r«c- v -Of 7r.-x-:.-;i. rr*axne=a of jL What » a 
y^-'f ':»jl^ *"^" ■ 'nr:.--.j\'*' U"ri: rjne » «c=;»d in one ebb and 
flow . Hifci » :ic jviRicc ,-£ :;•? ixt Ml Lbe aaK of hi^h water ? 



ACTION OF THE MOOJf. 

There can be no doubt that it is the infloeoce of this 
laminary that \a the cause of the tides. Her attraction 
must necessarily render those portions of the sea that are 
innnediately beneath her of less weight, and, by the laws 
of hydrostatics, they, therefore, must rise antil an equi- 
librium be established. But on those points which are 
in quadrature with her, the effect of her action, bv reasoa 
of its obliquity, is to render them heavier ; and, as re- 
spects those which are diametrically opposite to her, on 
the other side of thb earth, she must exert on them a less 
powerful attraction than she does on the earth*s center, 
Decause they are more remote than it. From this ine- 
quality and obliquity of the moon's action there must ne- 
cessarily ensue an elevation on those parts of the sem 
which are immediately beneath her, and also on those 
\^ich are on the opposite side of the earth ; but on th^ne 
positions which are situated at right angles to these poinu 
there must be a depression. 

When these considerations are combined with the fact 
of the diuiiial rotation -of the earth on its axis it will be 
perceived that the tide thus formed must necessaiily 
follow the apparent course of the moon, and that in any 
g^ven locality there must be high water and low water 
tyirice in every lunar day. 

In Fig. 365, \et a b c dhe the earth and M the moon; 
and let the shaded line sur- ^^, 

rounding the earth on all sides 
represent its surface as cover- 
eo with a uniform sea. Now, 
as the attractive force of the 
moon varies inversely as the 
squiares of the distance, it must 
be strongest at a, more feeble 
at b and d, and still more fee- 
ble at c. Under this attractive 
influence the waters at a will 
necessarily rise, and the sea, 
losing its perfectly spherical shape, will assume that of an 

■ — ■ III - - 

To what cause is the eleration of the water doe ? What is ihe nKjon's 
action on those parts of the earth nearest and most d'stant irom hj?r r 
What on those parts at quadrature with thejn? Why *J,?««/*^f. '"'*', I"'" 
low the apparent cour#e of the moon ? Describe the illustration given 
in Fig, 365. 
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ellipsoid— or, in other words, a tide will form upon it. 
And, as the center of the earth at o is more attracted than 
the point r, because it is nearer the moon, it will advance 
toward the moon more than will the water at c ; and at 
that point an elevation forms, so that at a and at c there 
will be high water. But as respects the points b and d, 
which are at the quadratures, the force of the moon, by 
reason of the obliquity under >grhich it is acting, may there 
be decomposed ; and if this be done it will be seen that 
a part of that force is expended in increasing the weight 
of particles in those positions— or, in other words, making 
them tend more powerfully toward the center of the earth. 
Under these circumstances, therefore, there being a di- 
minished weight at a and <:, and an increased one at h and 
d, the spherical form of the shell of water is lost ; there is 
an elevation at a and c and a depression at b and d, 
high water at the former and low water at the latter 
places. And as the earth rotates on^her axis so as to 
bring the moon upon the meridian in about twenty-four 
hours and fifty minutes, in that space of time there must 
be two tides. Were it not for this diurnal rotation there 
would only be two sets of tides in a month. 

As a movement communicated to the waters cannot 
cease at once, and as the elevation of the water is moved 
away from the moon by the earth's revolution, the water 
still continues to rise for a certain time, although the point 
of elevation is no longer immediately beneath the moon. 
So the time of high water is not coincident with the pas- 
sage of the moon over the meridian, but occurs somewhat 
later. 

In the same way that the moon thus produces tides in 
the sea, so, too, must the sun. And, as his attractive 
force is much greater than hers, it might, at firdt sight, 
appear that he should give nse to far higher tides. But 
his great distance makes a wide difference in the result ; 
so that, in point of fact, the moon is almost three times 
as energetic as he is. We have shown, in Fig. 365, how 
much the obliquity of the moon's action on the points in 
quadrature has to do with the final effect. Not so with 
the sun. His hifluence on the different parts of the sea 

yfhf is not the time of high water coincident with the moon's meridian 
passage ? Does the sun act in the same manner as the moon ? What differ- 
enca is there between him and the moon as respects obliqaitj of action f 
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takes place almost in parallel lines, and, therefore, the 
effect becomes feeble. Still the sun does each day pro- 
duce two tides as the earth revolves, though they are tides 
of much less magnitude than the lunar ones. 

In Fig, 366 let E be the earth, M the moon, and S the 




sun.; an4> as before, let the shaded line round the earth 
r^resent a utaiibrm sea. Now, it is obvious that when 
these bodies are in the position represented in the figure 
the action of both vnll coincide, and they will jointly 
raise a higher tide. Also the same must take place when 
the sun beinff at S the moon is a( M '• But these posi- 
tions are evidently those of the new and the full moon, 
and* therefore at these times the highest tides — spriog- 
tid«s— occur. 

In this case the ti^e of the greatest elevation of water 
does not coincide with that of the passage of both lumi- 
naries over the meridian, but occurs some, time later. ^ A 
certain period is required in order to coiomunicate motion 
to the mass of the water. 

From what doe« this arise T How many solar tides are there in a day T 
Describe the illustration given in Fig. 366. At what times do spnne- 
tides consequently occur T Does the time of greatest elevation coincide 
with that o? the passage of both luminaries over the meridian T 

Q 
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Now, let the luminaries be as is repreBented in Fig- 
367 where S io the sun, E the earth, surroimdod by ita 
ocean, and M or M' the moon in either of the qaadra- 




tures. In this position the effect of one of the bfidies 
counteracts that of the other. Those points which in the 
solar tide would be high water are low water for the 
lunar tide. Under these circumstances the sea departs 
much leas from its undisturbed position, and the tidal 
movements are less. This condition of things corresponds 
to the neap-tides, Noap-tides, therefore, occur when the 
moon ia in her quadratures. 

The actual rise of the tide differs very much in differ- 
ent places, being greatly determined by local circum- 
Blances. Thus, in the bay of Fundy it sometimes rises 
as high aa eighty feet ; in the West Indies it is said to ha 
scarcely more than from ten to fifteen inches. These 
modifications arise from a great variety of disturbing 
causes, such as the interference of successive tide-waves, 
the configuration of coasts, the prevalence of winds, &c. 
In inland seas and lakes there are no tides, because the - 
moon acts equally over all their surface. 

How is il that aeap-tidss occur 1 What 1 




FIGURE OF THE EARTH. 368 



LECTURE LXXI. 

The Figure and Motions of the Earth. — Astronomi- 
cal Appearances connected with the Earth^s Figure,—^ 
Determination of the hmigth of a Degree, — Actual Di- 
Tnensions of the Earth. — Amount of OblatcTiess, — Diurnal 
Rotation proved hy the Oblateness, — Annual Motion 
Round the Sun proved from Aberration of the Stars, — 
DetemHnation of Latitudes, — Determination of Longi- 
tudes, 

From considerations connected with the appearance of 
objects at sea, or where there is an unobstructed view of 
the horizon, we have cJready deduced the fact of the 
globular figure of the earth. If any doubt remained on 
this point it would be entirely removed by the well 
known circumstance that, on very many occasions, navi- 
gators have sailed rovmd the world. 

An observer situated near the equator sees the north 
polar star upon the horizon, but as he travels toward our 
latitudes the star seems to rise correspondingly in the 
aky, and if he could pursue his journey far enough would 
finally be over his head. In this fact we have another 
proof of the spherical figure of the earth ; for, were it a 
flattened surface or a plane, such a change in the position 
of the stars could not take place. 

Seeing, therefore, that our earth is of a spherical figure, 
it-jnay. easily be demonstrated that for every degree that 
we go northward upon its surface, the north pole is ele- 
vated a degree above the horizon. This observation fur- 
nishes us with a ready means of determining the actual 
magnitude of our planet. 

For this purpose it would be only necessary to select 
two portions on the same meridian, at which there was 
a diffei^ence in the elevation of the pole of one degree ; 
the distance between those places, if measured, would be 
j|>7 part of, the entire circumference of the earth. The 
problem of determining the dimensions of the earth re- 

What simple facts afibrd proof of the globular figure of the earth T On 
what priDciple may we determine its magnitude ? 
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a these princ^les gne fi 
b of the eanli 34.880 milea, from which ire 
t-tobe TSeOi 

I baire also prorcd that dw 
«alae of a degree is not th« Mine in all places ; lor, as we 
leaw the e^otor and go toward die poles, the length of 
dw degcee bect—e a greater. Tins, therefore, shows that 
thoagb the geneva] igni e of the earth is spherical, yet it 
is not a pe r fee t ^Aere : a perfect n>here most baye its 
degrees of nntfom length ; and such an increase in the 
leegth of d>e degree can be explained on one princqile 
onlj — that the euth is 8sue»ed toward the poles. 

The anskigies of odier bodies in the aoUr ejaCem iHiu- 
' : both the great planets, Jupiier and 
Satojii, are fiatteoed toward the 
poles, the forrner having his 
polar diameter shorter than his 
eqoalohal j>[> &nd the latter ■^j. 
Socfa an oblate spheroidal figore 
is presented to as in the cue of 
aa orange. This flattening ii 
seen in Fig. 368, where N 3 is 
the polar diameter. From trig- 
oDometiical measurements of the 
eorface of the eartb, it is infer- 
red that the Battening ia abont ^, or that the polar is 
■borter than the et^aatotisl diameter hj about twentf- 
HX snlea. The eaith may be regarded, tfaerefbre, as 
ha a ii^ a zone or projectiog ring upon its surface, which 
baa a maxinunn ihidniesB immediately under the equator. 
From the e&ct of gravity Tsijing aa the inverse square 
of the distance from the earth's center, and from the 
fignre of the earth, its polar regions being nearer the 
center than its equatorial, the weight of bodies toust 
chan^ as we pass from the eqaator to the poles. Now, 
the number of Tibrations which a pendaltun of giren 

re thi areoiBfetenee i 
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length makes in a given time depends on the intenBity of 
gravity ; and when one of these instruments is examined, 
iC ia found to beat more rapidly as it approaches the 
poles. This phenomenon has already been discussed in 
Lecture XXY, and referred to its proper cauae. From 
the oscillations of a pendulum llie figure of the earth 
mar be determined. 

From a variety of facta, as well as from the general 
analogy of every body in the solar system, the sun him- 
self not excepted, we have deduced the fact of the daily 
revolution of the earth on her awn axis. It is the prop- 
erty of all true philosophical theories to meet with con- 
firmation under circumstances where we might have been 
little likely to have expected it. And so, with the diurnal 
revolution of the earth, it might be demonstrated from 
the oblate spheroidal ligare, had we no other proof of it ; 
but having such proo& in abundance, this comes as a 
corroborative illustration; fof, as the earth revolveB on 
her axis, it must needs follow that she, like all other 
revolving bodies, gives rise to a centrifugal force which 
is as the square of the velocity of rotation. At the equa- 
tor where the speed of rotation ia the greatest, and a 
given point passes throu^ 25,000 miles in 24 hours — that 
is, with more than the speed of a cannon-liall — the centri- 
fugal force ia at a maximum, and from this point it de- 



clines until at the pole 
tile experiment formerly ex- 
hibited by the machine rep- 
resented in Figire 369, in 
whioh the two brass hoops, 
a b, benrinto a circular fi>rm 
whea they we made to re- 
volve rapidly by turning the 
handle of the raultiplying- 
wheel, depart from their cir- 
cular shape and bulge out 
inte that of an ellipse ; and 
accordine; as the velocity of 
rotaiion ib greater so is the 
elliptical figure bettor mark- 



Let us call to mind 




How doei th» 
Row doei th« fii.. 
What ii ths lelmtioi 



.» Hffsct ths weight of bodiei Kid the iMttting of penihilams t 
finre of Ihfl eartfa prove Ihe foct of iU dinniBl rdUtion T 
Imtion of the centrifugal force it Lha equMoi uul it Iha polea I 



366 ABEKSATION OF THB BTAMS. 

ed. It is tbcn the dhimal revolution of the eaitli on her 
axis which has given her a shape flattened at the poles, 
and in the same way in the case of all the other great 
planets, the flattening is immediatelj dependent on the 
Telocity of rotation. 

We have already given so many proo& of tbe earth's 
orbit ual motion round the sun, that any thing further might 
seem unnecessary. I shall, however, explain what is 
meant by the aberration of the fixed stars, not only fi-om 
its intimate connection with one of the fundamentsil facts 
in optical science— the progressive motion of light — but 
also from its being a striking exemplification of the truth 
here more immediately under consideration, the transla- 
tory movement of the earth round the sun. 

Let A B C D, Fig. 37a, be the earth*s orbit, and E any 
eiven star. When the earth is at A, the star will be seen 
in the line A E, and referred on the sphere of the heav- 
ens to G. When the earth has passed through one half 
of her orbit, and arrived at C, the star will be seen in the 
line C E, and referred to F. From what haff already been 
said in relation to parallax, it will be understood that this 
shifting of the star from G to F depends on its having a 
measurable distance from the earth. 

With a view of deteimining the parallax of one of the 
stars, and consequently its distance from the earth, two as- 
tronomers during the last century commenced observa- 
tions founded on these principles ; and selecting the star y 
in the constellation Draco, examined its position for the 
several months in the year. Thus, for example, the earth 
being at C in the month of September, and the star refer- 
red to F : six months afterward-:— that is in March — the 
earth being at A, they expected the star would change its 
position, and be referred to G ; but, to their surprise, they 
found tbe movement was in precisely the opposite direc- 
tion, the star being seen at K, the movement being fi-om 
F to K, instead of from F to G. This is what is ^nown 
as "the aberration of the fixed stars," and its explanation 
depends on the fact that, owing to light moving pro- 
gressively and not instantaneously, and the eye of the ob- 

Why is tbe figiire of a planetary body thas connected with its rototion 
on its axis ? How was the aberration of the fixed stare first discovered ? 
What is the direction of the apparent motion of a star compared with 
what it should be from parallax 7 




) of this has been explained ia 



Berver accompanying die eartl) in her orbit, tlio position 
of ihe stoma is nut tlie same as what it would be were the 
earth at real. Th( 
Lecture XXXVI. 

. is constantly observed of true physical theories that 
they afford explanations of facts, and, on the other hand, 
^ receive illustrations from facta with wiiich, at first sight, 

How ii Ihis inolioa uplaioed T 
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rher iid lot ieem T) je onmiecreii. Tae nberradun of 
'be ixeu Ttars Troves two -if die mosc pn jminenc physical 
itUM'rrea Tnti '▼nich. ic die irsc sight, ic does not aeem Co 
je a "Jie ?ii^nrBas dei^ee aOud'^— di« piuiii'uuuive mocioa 
Ji i.r^c mn dM anth's mnston zamui che son. 

-L 9 jjioB & !BaiK mufiEtBnk pmbimi txy uBtHLinzne die 
pi'^iHiJK >K X xrves 3UU1C on die ezirdi'^ sbz&cv. Xavi- 
r'^iL>Ti oflWiii nailv- ieuecua in aecermimng wish precimiin 
■ae T.ii.-« )f 1 jHiD It aea. Ti e&ct diia rmwo problems 
.10.'"'^ o je ioireti— ^€D ami die '.actude and. aiao die lonsi- 

Tie brrner n dxese :a die mnre easily determined of 
"He "vn. It -nav je iune :n several diferent wavs: sach 
i7 'V ~rLe zenith iiacimce ix' icsrs. mendian oltitiidea of 
~ne Hin. ^r :ne -jast inii ■▼est oassasr^ -jr i star dimu^h die 
Tnzie ~emca:. TTie lancude ?i x olace bein«r che eieva.- 
:ii>n >i :tie ^nie ibove die iuirTzim. amnn^ arlier methtjds 
.t 3i'd'". -iiererbn?, "je 3S4:erniined by tindintr die zreatest 
%nxL e-jjx litznuies ji i jircumpolar :Kar. u^iif die 5iim of 
::iu:«e ilcitudefi beins etiual to die lacir^de. Of course, 
'aiirude s li. rm nuua — aorrtiera and 3«3ariienj. In anr 
r.y^n .ii:*C3uire. ^ve 'Jidicace ■▼bicii bv die better X or S. 

Z:i ika Hiuiner. :ner?» ire sevenl w^vs bv which die 
ii'iiiitrude jf 1 31 ace nay be ierermined. Lon'T'.raJe is 
iseinuieu by die Tiumber :t devT'ses incn die ecaitor. in- 
nsrrenckfd berireen ine sier.dian jc ibe niace or observa.- 
~iui ind :be stendion :£ some :rber riace. laken as a 
sTaiidard ir xarzntcroianc. such, js :be meridian oc Green- 
■^■*c:i jr ~v~aHiinirnjn. :?ince a r.ven Di?inc oc the earth 
3Ta.\»fs ?iie _-jinDier»f revfuunun :f tbri»e bandr^jdind *ixty 
ii.".x~*ie* .11 rrtfnr'-^jiir binirs. :c "^ill describe in i-ne hour 
"ii- 'en ie«jr"fets. Ii rvj riace* which ire diteen de-zreea 
:z i:iitr[ut:e mar^ die sun jomes oc die neridian of the 
m«.rj .vesrer'7 jue bear later dian en "hac i>f the other. 
I'j ind die ".i>aurJ:ui.ie, dier«iure« m to and the difererice 
jf :be .line .'f da.y between, die place of ocoertrntioa mod 
diuc :ak«fa j:i die scuuL&nL Fjc chid parpcue chroootoe- 
:iir5 ir:* emcicyed. 

rbe eclipiiei of Jopcsers saceuirei and •xcakatioos of 
irdr» by die aioon. xre poMicceit in appropnale almaiMcs, 



H<*w « :h« Tuwnun iix 7iac« en tlw aril iewniL-xsed T H'^m mar Aa 
:ii:"u:i.' >f "utinir ' S.'w 9 Icn-nrjiy taanazed t Hem war xc be foond ? 
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vrith the exact moment of their occurreoce at the sfaad- 
ard meridian. It is, thereforei only neoesaarj to mark the 
time at which one of these occurs at the place of obser- 
vation, and the dififerenco of the times giTes the longi- 
tude. 



LECTURE LXXIL 

Op P^RTURBATiONS.^^cf /cwi of Three Bodies. — Variation 
from an Elliptic Orbit, — Inequalities of the Moon^ — 
Conjoint Action of the Sun and Earth upon the Moon, — 
Annual Equation, — Change in Position of the Nodes. — 
Precession of the Equinoxes. — Discovery of the Planet 
Neptune, 

On the principles of mechanics it may be demonstrated 
that if a solitary planet revolve round a central sun, the 
-path which it describes must be an ellipse, from which it 
would never deviate. But if a second planet or other at- 
tracting body be introduced, then it follows, as a direct 
consequence of the principle of universal gravitation, that 
disturbance will ensue, and the revolving bodies, instead 
of moving in exact ellipses, will follow new paths accord- 
ing as their relation of distance to each other changes. 

These results, which we thus foresee theoretically, are 
verified in the heavens. The planetary bodies of our so- 
lar, system do not, as we have heretofore supposed, pur- 
sue invariable elliptic paths round the sun, but each plan* 
et attracts all the rest in the same way and under the same 
laws that the sun attracts th^em all. His superior mass 
predominates, and gives, its general character to the re- 
sulting movement, but the impression which each one 
makes upon its neighbor is plain enough to be traced. 

To the^e disturbances the general name of perturba- 
tions is given, and when they occur between planets and 
satellites the name of inequalities. They are secular and 
periodical. In every instance they compensate one an- 
other, so that after a certain period has elapsed, the dis- 
■' ' ■■*■■' -T 

What, on the principles of mechanics, must be the path of a single 

Sinct ? If, in*ead of two, there be three boclies, what will be the rosull T 
ow does this apply to the solar system? What u msant by perturua- 
tlooi and inequalities t Of what kinds are they f 
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don and opposition her gravity toward the earth is dimin- 
ished, but at the quadratures it is increased. So that if wa 
were to conceive the sun absent, and the moon revolving 
round the earlh in a circle, if the sun were then intro- 
duced his influence would make her describe an ellipse, 
the longest axis of which would be at the quadratures. 
It may seem somewhat paradoxical that the moon should 
come nearest the earth when her weight is least; but 
this is only an incidental thing : it aiises from the cir- 
. cumstance that her approach is the result of the great 
curvature of her orbit at the quadratures, and arises from 
th^ velocity and direction she has acquired in conjunction 
or opposition. 

Under these circumstances the velocity of her motion 
changes. The velocity diminishes from conjunction up 
to the first quadrature, then increases up to opposition. 
It diminishes again to the second quadrature, and increases 
to conjunction. 

It further follows, from the same principles, that, as the 
earth revolves in her elliptic orbit round the sun, at one 
time approaching to him and at another receding, new 
variations will arise, ^because the relative distances of the 
earth, the moon, and the sun are changed, thus giving 
rise to another inequality, which is called the annual 
equation. 

The foregoing explanation will set in its proper light 
the nature of perturbation, and diow how it necessarily 
arises from the theory of gravitation. The subject in it- 
self is exceedingly complicated in its applications, and far 
exceeds the limits which I can here give to it. Connected 
with the foregoing we may, howevier, trace a second in- 
stance. The moon's nodes, or the points where her orbit 
intersects the ecliptic, undergo an annual change of posi- 
tion of more than 19°, making a complete revolution in a 
little more than eighteen years and a half This disturb- 
ance aiises from the attraction of the sun ; for as the 
moon's orbit is inclined at an angle of five degrees to the 
ecliptic, as she revolves round the earth and approaches 



At what periodg is the moon's gravity to the ^^"^^^^ if.^ 
what diminihed? What effect does the sun "/^ on tlje ort,it ofthe 
moon? What changes uke place in the moon's ^^^gV^SSlcJS 3^ 
by the annual equation? What it tbecauae of the wtrogradsuon oi UM 

moon*anodet7 
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the plaae oi tbe eeliptic, tlie Ban's action Ymngs ber down 
more quickly, ind makes ber cross the ecliptic sooner than 
she would otherwise have done. 

The last of these perturbations to which I shall now 
aHude esplaioa the cause of the precesnom of ike eqminoares. 
At the time that names were given to the signs of the 
zodiac the vernal equinox coincided with the first point 
of Aries. It is now more than thirty degrees to the west- 
ward ; for the sun crosses the equator each year at a 
point fif^y seconds west of that in which he crossed it the 
preceding^ yemr; and thus -the eqninoxial points will make 
a complete revolution in 25,867 years, the seasons then 
havini^ completely run through all the months off the 



This phenomenon arises from the oblate figure of tbe 
earth, resulting from her rotation upon her axis, the sun's 
mttractioa being eseited upon the zone of matter which 
surrounds the earth like a protuberance at the equator, 
and tending to make it approach the plane of the ecHptic. 
The equiooction pcnnts — the points where the ecliptic 
and equator intersect — therefore recede, and the axis of 
rotation oE the earth moves with a conical motion round 
the axis of the ediptic The pole of the earth^s axis 
describes, therefore, a circular motion round the pole of 
the ecliptic, completing its revolution in 25,867 years. In 
successive ages the earth's pole points to different stars, 
which become poie-stars in succession. 

These examples may afford a general idea of the natyre 
of PcaTu&BATiONS, and show that, though they give rise 
to effects which might appear contradictory to tbe theory 
of universal gravitation, they are in reality, as has been 
already observed, the necessary consequences of it. The 
cases that we have been considering are very simple ; 
but we can understand how difficult such problems be- 
come where more com{riicated systems arc under iuvesti- 
gacioD — as, for example, Jupiter with his £s^r sat Aites, 
or Saturn with hb ring and seven. Yet to so high a de- 
gree of perfection has modem astronomy advanced, that 
Herschel asserts ** that there is not a perturbation, great 
»^^^— ^^^^-^^^— ^^■^^^^— ^-^-^-^^^^^-^^^^^-^ - 

What is BBMDC by tke prcc«moB of eqainoxes ? In what time do tbe 
•quinoxial poiota make one reTolutioo f From what does this motioa 
artse ! la what duectiOQ does the earth's axis consequently more T Do 
any known pentoxbalioni afiect the validity of Newton's theory f 
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or Binall which obsenration has eyer detected which baa 
not been traced up to its origin in the mutual grravitatioa 
of th6 parts of our system, and been minutely accounted 
for in numerical amount and value by strict calculation on 
Newton's principles !" And of late we have witnessed 
one of the most brilliant results of modem astronomy in 
the discovery of the planet Neptune. For it was seen 
that Uranus exhibited disturbances in his motions not ac- 
coanted for by the action of any known body. These 
evidently pointed to the existence of some other mass be- 
yond him, which, though unseen, was exerting its in- 
fluence. The magnitude of this body and the position it 
should occupy were determined by the calculus ; and, 
oo examining the region of the heavens designated, the 
planet was found. 



LECTURE LXXIII. 

Op the Measurement op Time. — Sidereal Day, — Solar 

Day, — Sidereal Year, — Equation of Time, — Mean and 

Apparent Time, — Incommensurability of the Day and 

Year, — ITke Julian Calendar. — The Gregorian Calen- 

' dar,^— (Conclusion, 

Ip we examine, by proper instruments, the time which 
eltipses between the successive passages of any star what- 
ever over the meridikn, we shall find that it is uniformly 
23 hours, 56 minutes, 4 seconds. It is immaterial what 
star is watched y all give the same result. To this period 
the name of a sidereal day is given. 

But if, with the same instruments, we examine the me- 
ridian passages of the sun we find that he does not come 
upon the meridian until 3 minutes and 56 seconds later 
each day, the clock measuring 24 hours between each 
passage. To this period the name of a solar day is given. 

Now, the afl^arent revolution of the celestial bodies is 
due to the actual rotation of the earth on her axis. It 
Vould seem that the sun and the stars ought all to ac- 
complish that apparent revolution in the same space of 

What is meant by a sidereal day? What is its Unglh ? What by a 
solar day 7 What is iu length T What do ws infer as respects the appa- 
not motion of the sun? 



rime. It is, therefore, obvious that the sun must mora 
every Z4 hoirrs about one iJegi-ee to the eaat : auch a mo- 
tion accounts for his coming later on tlie meridiaii ; fot 
one degree is passed over in about four minutes of time, 
which is \evy nearly the period of retardation we have 
observed. In 90 days tho sun comes od the meridian 
aix hours later than the star wiih which ho was first com' 
pared. In about ISO days he is 12 houre later. In alit- 
lle more than 365 both come" on the meridian together 
again. But this apparent easterly motion of tho eua ia 
in i-eality the orbitual motion of ihe earth in the opposite 
direction, and the solar day differs from the sidereal by 
reason of the revolution of the. earth round ihe son. If 
that revolution did not take place, and the earth only 
turned on her axis, the solar and sidereal dnys would ba 
exactly of the same length ; but that revolution existing, 
to bring the sun upon the meridian, the earth must make 
a littlo more than one reyolution each day, and, at the 
end of 3G5 days, must turn on her axis 3CG times — that 
is to say, in a year there ts one more sidereal than tbero 
are solar days. The actual length of the sidereal year ia 
366 days, 6 hours, 9 minutes, 12 seconds. 

These considerations show how the meaaurement of 
time becomes complicated by the annual motion of tho 
eaith round the sun ; and , as the axis of the earth is in- 
clined toiler orbit, and she moves with different degrees 
of velocity in different parts of her elliptic path, more 
swiftly as she approaches the sun and more slowly as she 
recedes, the length of the days will vary from time to 
time, when compared with a clock that goes teuly, giving 
rise to a difference between the time indicated by the 
sun and a clock — a difference which is called the egua- 
tioji of lime. Mean time is that indicated by the clock, 
and apparent time that indicated by the sun. 

From tho inclination of the earth's axis to the ecliptic 
it comes to pass that about the 20th of March, the aist 
of June, the 23d of September, and the 6lst of Decem- 
ber the Bun and the clock would agree ; but between 
March and June the sun is faster than the clock ; from 
then until September it is slower, and so on. The differ- 
How does his itieridian pmsage compare wilh thw of any given Blirf 
What IS Ihfl length of Lbs sidereal day ! To what ii thia diffBrance dw t 
Whalinquationoflime? What is meaii limB ? What ia apparaot Iv*! 
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ent velocity with wliich the earth moves m her orbit com- 
plicates this, atid from the two causes together the coin- 
cidence takes^place on other days-^on the 15th of April, 
the 15th of June, the Slst of Angiist, and the 24th of De- 
cenrber, while the greatest difference between the sun 
and clock, amounting to 16^ minutes, takes place on the 
Ist of November. 

, The principal natural division of time is into days and 
years-i— a division which is based upon civil wants, and 
■which, therefore, from the earliest period was adopted. 
A't a very remote time it was discovered that the year con- 
tained about 365 days ; and this was probably the first 
exact division ; but afler a wliile it was discovered that 
Zho two periods are in reality inconi mensurable, and that 
ihere are morie than 365 and less thian 366 days in a year. 
7he tropical year, as we have already stated, consists of 
S65 days, 5 hours, 48 minutes, 49 seconds. 

The fii*st great ; historic change in the calendar was 
SI) ad e by Julius Csesar, who, having learned in Egypt, that 
%he year really consisted of 365 days and 6 hours nearly, 
endeavored to include these .6 hours by ddding one day to 
each fourth. year. So he instituted three years of 365 days, 
«Lt)d a fourth^ of 366. The latter was called Bissextile. 
The twelve rhonths consisted, some of thirty and some of 
thirty-one days, but February had only twenty-eight in 
cotnmon yeai-s, and to it twenty-nine were given in bissex- 
tile. This is the Jtdian calendar, 

• It is evident^ however, that Julius Caesar had thus over- 
compensated the year. It does not consist of 365 days 
and 6 hours^but wants II minutes and II seconds of it. 
For a shbrt period this small quantity may be neglected, 
but in the course of centuries it 'becomes very appreciable. 
In the year 1582 it had amounted to*more than ten days. 
At this time Pope Gregory XIII. published a bull requir- 
ing that^ten days should be cut on from that year, and the 
fifth of October be reckoned as the fifteenth, and by a most 
ingenious and sirfiple contrivance, provided against the 
future recurrence of the difficulty. The years are to be 

■ ■ |l I I ■ Mi^i^^^ 

On what days do the sun and the clock afreet When is there the 
greatest difference ? What is the mincipfil division of time T Are the day 
and the year commensurable ? What is the length of the tropical y6ar? 
What is the J alian calendar T In what was it defecUT© ? What was the 
excess of compensation 7 
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Aberration of li^ht, 177. 
stars, 367. 
Accidental colois, 231. 
Achromatic lens, 203. 
Acoustics, 157. 
Acoustic figure8,l69. 
Action and reaction, 79. 
Air-pump, 17. 
Annual parallax, 349. 
Anomaly, 354. 
Archimede^'s screw, 65. 
Areometers, 53. 
Artesian wells, 59. 
Asteroids, 334. 
Astronomy, 315. 
Atmosphere, 12. 

color of, 13. 

beip;bt of, 13. 
Attwood*s macbine, 87. 
Aurora borealis, 1^87. 

B. 

Balance, 129. 
Ballistic pendulum, 94. 
Ball-cock, 68. 
Balloon, 37. 
Barometer, 24. 
Beaume*s hydrometer, 54. 
Bellows, hydrostatic, 49. 
Boiler, 270. 

Bohnenberger's machine, 80. 
Boyle's law, 31. 
Bramah's press, 49. 
Breast-wheel, 63. 
Burning-lens, 1.95. 

C. 

Camera obscura, 932. 
Capacity for heat, 258. 
Capillary attraction, 101. 
Cartesian images, 29. 
Center of gravity, 110. 
Chromatic aberration, 202. 
Colors, 200. 
Comets, 338. 
Composition of forces, 73. 



CompouwJ motion, 72. 
CompressihiHjr of air, 14. 
Conaenser, 29. 
Contracted veui, 61. 
Conduction of hett, 253. 
Cords,\ vibrations or, 163^ 
Currents in air, 37. 
Cycloid, 118. 

D. 

Daniel's hygrometer, 276. 
Decomposition of water, 300. 
Differential thermometer, 247 
Diffraction, 209. 
Diffusion, 39. 
Direction of motion, 70. 
Dispersion of light, 196. 
Distinctive properties, 2. 
Diving-bell, 6. 
Divisibility, 8. 

E. 

Earth, figure of, 364. 
Echoes, 166. 
Eclipses, 343. 
Elastic impact, 122. 
Elasticity, 7. 

of air, 15,28. 
Electricity, 288. 
Electro-dynamic helix, 308. 
Electrometer, 297. 
Ellectro-magnetism, 304. 
IBlectrotype, 303. 
Endosmosis, 105. 
Exchanges of heat, 251. • 
Expansion, 257. 
Evaporation, 262. 
Extension, 2. 

F. 

Falling bodies, 85. 
Fixed lines, 199. 
Floating bodies, 67. 
Florentme expeilment, 43. 
Flowing of liquids, 60. 
Forces, 9. 

compoeition ui, 73. 
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Grwitatiaii, 8Ql 
GrmvuMtcr, 5C 



<M4. 



H 



HydrcMljOBUiici; 4S> 




J. 

Jolian calendar, 37S. 
Japiter, 331. 



Kqkla'a Uws, 35& 



Latent beat, 260. 

Latitude, 3681 

Lenaes, 190. 

Level of liqoida, 46i 

Lerer, 127. 

Leyden jar, 294. 

Light, propertiea of, 166. 

theorks of, 20S. 

Telocity of, ]76i. 
Liquids, properties ot^ 41. 
piessares of^ 56. 
LoDgitoae, 368. 



MachiMa, electrioal, 990. 
Magdeburg hamisplMim, 21. 
Magic lantern, 236. 
Magnetism, 278. 

twiaalihl, «6». 



MarriottiB^lMr.aL 



ua, 



MoomdtOL 
Mootgolfart baWw, ir. 



VKltipiiBr,a06L 



N. 



Nieboiwy 3 51*^ 
NepCiine, 337. 
MewtoofslaM% 



Oceohatian, 34& 
Oented'a iiiacliiiie» 4^ 
OrenlMt-wbed, 68. 

F. 

Pafacbnte, 33. 
Parados, hydroetatic, 48. 
Parallax, 323. 
PassiTe forces, 141. 
Pendalom, 116. 
Percossioo, 12L 
Perturbations, 369. 
Photometry, 172. 
PlaneUry motiGoa, 97. 
Plumb-lina, 84. 
Pneumatic trough, 23. 
Point of appUcatioQ, TOl 
Polarization, 210. 
Precession of equinoXa 
Pressure of air, 21. 

hydrostatiG, 47. 

of liquids, 56. 
Prism, 188. 
Projectiles, 92. 
Psychrometer, 277. 
Pulley, 131. 
Purap, 63. 



Radiant beat, 249. 
Radius Toctor, 96. 
Rainbow, 281. 



INDEX. 
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Refraction, 184. 
Refraction, double, 215. 

of heat, 252. 

atmospheric, 223^ 
Reflexion, 178. 
Resistance of air, 32. 

of media, 143. 
Resolution of forces, 75. 
Rest, 68. 
Rigidity of cordage, 145. 

S. 

Sap, rise of, 1061 

Saturn, 335. 

Smussure's hygrometer, 275. 

Screw, 139. 

Sea, 41. 

Seasons, 326. 

Shadows, 171. 

Solar microscope, 237. 

system, 337. 
Soniferous media, 159. 
Sound, 157. 

conducted, 34, 158. 
Specific gravity, 50. 
Specific heat, 260. 
Spectacles, 23a 
Spherometer, 5. 
Spouting of liquids, 61. 
Stability of bodies, 113. 
Stars, fixed, 346. 
Steam engine, 267. 
Stream-measurer, 62. 
Strength, 108. 
Sun, dSU. 
Syphon, 66. 
Syringe, 18. 



T. 

Telegraph, magnetic, 312. 
Telescope, 238. 
Thermo-electricity, 313. 
Thermometer, 245. 
Thousand-grain bottle, 51. 
Tides, 358. 
Time, 373. 
Torsion balance, 109. 
Transits, 332. 
Trumpet, hearing, 167. 

speaking, 166. 
TwiUght, 225. 

U. 

Unchangcability, 4. 
Undershot-wheel, 62. 
Undulations, 147. 
Undulatory theory, 205. 
Uranus, 336. 

V. 

Vapors, 265. « 
Venus, 329. 
Vera*s pump, 65. 
Vibrations, 148. 
Virtual Telocities, 127. 
Voltaic battery, 298. 

W. 

Water, compressibility of, 44. 
Wedge, 138. 
Weight of air, 19. 
Wheel and axle, 134. 
Windlass, 135. 

Z. 

Zamboni*8 piles, 296. 



THE END. 
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Based on the German Work of Francis Passow ; with Corrections 
and Additions, and the insertion in Alphabetical Order of the 
Proper Names occurring in the principal Greek Authors. By 
Henrt Drisleb, M.A., under the Supervision of Prof. Anthon. 
Koyal 8vo, Sheep extra. $5 00'. 



AJbridsment of the abore, by the Anihora, for the Use of Schools, revised 
and enlarged by the Addition of a Second Part, viz., English and Greek. ( In press.) 

This isj indeed, a great hook. It is vastly sunerlbr to any Greek-English Lexicon 
hitherto published, either in this country or in England. No high school or college 
•an maintain its eiute that does not introdace the book. — N. Y. Courier and Engutrer 

A work of authority, which, for rbal utility and general accuracy, now stands, and 
will be likely long to be, without a rival in the l^nglish language. It has been hon- 
ered with the most unqualified commendation of the London Quarterly, and many 
Q&m high critical authorities of Great Britain. — N. Y. Commercial Advertiser. 

This Greek Dictionary must inevitably take the place of all others in the classical 
■duMla of the country. — Knickerbocker. 

^nttiim^B etlMBltal IBtctfonars^ 

Containing an Account of the principal Proper Names mentioned in 
Ancient Authors, and intended to elucidate all the important 

•' Points connected with the Geography, History, Biography, My- 
thology, and Fine Arts of the Greeks and Romans, together with 
an Account of the Coins, Weights, and Measures of the Ancients, 
with Tabular iValues of thessuSe, Royal 8to, Sheep extra. $4 75. 

The scope of this gr<iat work is very extansive, and comprises information respect- 
ing some <m the most important branches ot classical knowledge. Here may be found 
a compiete encyclopedia of Ancient Geogrraphy, History, Biography, and Mythology. 
The department of the Fine Arts forms an entirely new feature ; embracing biogra- 
phies of ancient artists, and criticisms uponlkheir productions. In fine, this noble 
work is not only indispensable to the classical teacher and student, but eminently 
useful to the professional gentleman, and forms a necessary part of every library thai 
aims to be complete. It has been pronounced by Professor Boeckh of Berlin, one of 
the leading scholars in Grermany, " a most excellent work." 

Latin Grammar, Part I. Containing the most important Parts of 
the Grammar of the Latin Language, together Mith appropriate 
Exercises in the translating and writing of Latin. 12mo, Sheep 
extra. 90 cents. 

The object t^ this woric it to nake the yooilg student practically acquainted, at 
each step of his progress, with those portions of the grammar which he may from tima 
to time cosgmit to memory, and which .relate principally to the declension of nouns 
uid conjugation of verbs. ' As soon as the beginner has nlastered some principle rel- 
ative to the inflections of the language, his attention is directed to exercises in trans- 
lating and writing Latin, which call for a practical application vi the knowledge he 
BMy nave thus far acquired ; and in this way he is led on by easy stages, until he ia 
Made thoroughly acquainted with all the importaat rules that ragalata the infleetiona 
af th« Latin tongue. 
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L«in Grammar, Part II. An Introductioti to Latin Prose Composi- 



"Ealulitr^r vh^fau tain ■<> ^llV pi^d bv Ih^ ti^nl^I 



ikit i^BS. A tile ta lud down miid prlncipbi in • 
Rivan Imntntiv* of the trnne. Theia tvci pirlB, theref 
'A* Lalim Leagvagr, ttoapHia^ lhi» (Udded rndTAnla^ 
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atnthon's Sietfotian? of eitttH anH Soman 

aintfqiuftfcis, 

From the best Autborities, and embodying all the recent Diseorerios 
of tbe moat eminent German Philologists and Jurists. Edited by 
WiLLiAW Shith, Ph.D. -Illustrated by a large number of Engrav- 
ings. Corrected andenlarged, and containing, also, nuiserous. Ar- 
ticles relative to the Botany, Mineralogy, and Zoology of the An- 
cients, by Ch.kles Akthon, LL.D. Sto, Sheep extra, (4 75. 

An AbrldKnMnt of lbs nlKne, by ih> Aalheri, fgi Uh Uia of Soluula. lams, 
lu.lfah»|,*HS5. ^ 



i> Myl*. ud pngnul, jtt nu eugilHUUEiy n, with uoonu knuwlsdga — tht Iwt 
and UlMt mtLunlLfia mra oonitantlr cjud. A wuA macK waatid. ■avAluqMa to Ihr 
ycnjnr AadflDl, and, u hbm^ of rercranfB, ai]1 ba muaL nceeplabla rm lh« Lbnrv im- 
bl« uFinry idudu.— Qusrlirfy Arnica. 

Snthon's Sumpt's ftatfn <s;rammar. 

From the Ninth Edition of the Original, adapted to the Use of En- 
glish Students, by LBONa*iir) Schwitz, Ph.D. Corrected and en- 
larged, by C11AK1.XS Anthoh, LL.D. ISiiu), Sheep extra. 90 
cents. (Third Edilioa, reviaed.) 

An AbrlAsmuit of ths tbon, be tha AmbuiB, tai ibt Um oT SebotJi. Ubaa 
{JL..1 n-^yl 

dlntfiDK's Hati'n S^ersCffcatfon, 

InaSeriesof ProetessiTeExerciaes, including Specimens of TYins. 

lationfrom English and German Poetry into Latin Verse. 13mo, 

Sheep extra. 00 cents. 
A Key ii pobllitiisi], wKicli aif bs obliined bj T«chen. 13mD, bilf Shiip. Ml 
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From the best Authorities, Ancienrand Modern. 12mo, Sheep ex- 
tra. 00 cents. 

I|i this Tolame, which vemy not nnaptly be regarded as the third part of the Latiu 
LeiwooSfthe yoong scholar will find every thing that may be needed by him, not only 
at the oommencement, bat also throughout the several stages of his academic career. 

ecnthoti'd itatnar'n ttommentarfes on the 

iiSfalltc WSSav; 

And the First Book of the Greek Paraphrase ; with English Notes, 
critical and explanatory, Plans of Battles, Sieges, &c., and His- 
torical, Geographical, and Archaeological Indexes, by Charles 
Anthon, LL.D. Map, Portrait, &c. 12mo, Sheep extra. $140. 

The present edition of Cesar is on the same plan with the Sallust and Cicero of 
ibe editor. The explanatory notes have been specially prepared for the use of begin- 
Mrs, and nothing has been omitted that may tend to facilitate the perusal of the work. 
^le Greek paraphrase is given partly as a literary novelty, and partly as an easy in- 
troductiflD to Greek studies ; and the plans of battles, sieges, ^., must prove emi- 
nently usefal to the learner. 

9intfioxCn atenrtt of Wivfidy 

With English Notes, critical and Explanatory, a Metrical Glavis, 
and an Historical, Geographical, and Mythological Index, by 
Charles Anthon, LL.D. Portrait and many Illustrations. 12mo, 
Sheep extra. $2 00. 

The notes accompanying the te^ct have been made purposely copious, since Virgil 
is an aathor in the perusal of whom the young scholar stands in need of very frequent 
■asistanoe. The illustrations that accompany the notes form a very attractive feature 
la the volume, and are extremely useful in exemplifying the allusions of the author. 

anthott's Select ©ratfonu of «fcero, 

With English Notes, critical and explanatory, and Historical, Geo- 
graphical, and Legal Indexes, by Charles Anthon, LL.D. An 
unproved Edition. Portrait. 12mo, Sheep extra. SI 20. 

The text of this edition is based upon that of Emesti, and the notes are compre- 
hensive and copious, laying open to the young scholar the train of thought contained 
in the Orations, so as to enable him to appreciate, in their full force and beauty, these 
brilliant memorials of other days, and carefully and fully explaining the allusions in 
which the orator is fond of indulging. 

With English Notes, critical and explanatory, by Charles Anthow, 
LL.D. 12mo, Sheep extra. $1 50. 

Dr. Anthon*s classical works are well known, not only throughout the Union, but 
in Great Britain. In this edition of Virgil's pastoral poems, that elegant ancient au- 
thor is more fully and cleariy annotated and explained, than he has ever vet been in 
any language. To masters of seminaries and school-teachers m general, the woric 
will prove invaluable» from the mass of information which the learned compiler hae 
thrown together in his remarks.— JViets Orleans Advertiser. ^ , . . . , 

In this volume Dr. Anthon has done for Virgil's Pastorals what he had previously 
done for the JSneid— put it in such a form before the classical student that he can 
■at fail to read it, not only with ease, but with a thorough appreciation and admire 
Um of its beauties. The critical and explanatorjr notes are very eopions and very 
ntisfactory, and make perfectly clear the sense of every passage.— iV. Y. uowter. 
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With an Eogliah Cammentar]', and Googr^phicat and Historical lit 
dexM, bj C«iBi.E* AifruoK, LUD. Kew EdiUon, aerrecud and 
enUt^. Portrait. ISrao, Sheep extra- 87} cents. 
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anttaon's tSBSmka eC l^ocacf, 

lish Notes, Giili 
New Editum. n 
Sheep extn. $1 75. 



Wllb Engluh Notes, Giilical andeiplanator?, byCHiibEs Ahthon, 
IX.D, NewEdituHi. with Cvneciians and ImproTements. ISmu, 
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l^oD ID Ul* llorice iBil olbfr vailu k^Ub Jon Ibe uil rtqaireil tauika bit tta^n 
taaj and agrccaJila, uui Id lElnct bim ilkkj luTlhirr on la the path af Khtibinbip. 

^nthoR's JFirst tSrcrfe 3,r«9iins, 

Containing the most important Parts of the Gnmimarof the Greelt 
Language, together with appropriaU; Exercises in the tranBlalin'g 
and writing of Greek, for the Use of Beginaera. l£mo. Sheep ' 

dlviiuu af Ih* OnuBUT a calloctUfn at unrciuA, ammuODa ot than KQtBiu^ In 
whidh tba nU* uf uiA«etiDa )dh IbjiI down ■» faily eiaai^i§e4l. uiil wbicb Iho ied- 
d«Dt II nqujnd u truulAtfi And puM, or alAvto^DTbrifncibflgrBiiiiiiHicnlUignib- 

Snthon's estetk ^tost eonqKrsttion. 

Greek lessons, Part 11. An I nlroductian to Greek Prose Composi- 
tion, with a complete Course of Exercises illustrative of all .the 
important Frinoiples of Greek Syntax. 12mo, Sheep exirft. 90 



jEtnthOK's Grammar of the eirttk Kanouafif, . 

FortlieUseof SchoolaandColIeKe.s. ISmo, Sheepexlia. 90 cants. 

TlK ■utbo'* abjea in pnpnring Ilia prcienl wark wu u lamiih ihe ilndvBt with 
■Uhftila" ii/^lt*din( hituiet in lbs QtaDinmr iif tb> Gmk innguign u migfal 

whi^HAl'ilxIBIIil^' N«hm«hu,°bt'nf^^i^'^^lillUeU^b^T^lclT»hl^hn7gSl'l^ 
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From the German of Kiihner, Matthiae, Buttmann, Rost, and Thiersh; 
to which are appended, Remarks on the Pronunciation of the 
, Greek Language, and Chronological Tables explanatory of thj 
same.- 12mo, Sheep extra. 90 cents. 

In order to render this grammar more useful to the student, recourse has been had 
to the writings of the latest and best of the German grammarians, and especially to 
those of Kiihuer, which are now justly regarded as the ablest of their kind ; and the 
present #ork will be found to contain all the information on the sul>ject necessary to 
be known by the student of Greek. It contains more numerous and complete exem- 
plification of declension and conjugation thatt any that has preceded it. 

For the Use of Schools and Colleges ; together with the Choral 
Scanning of the Prometheus Vinctus of ^schylus, and (Edipus 
Tyrannus of Sophocles ; to which are appended, Remarks on the 
Indo-Grermanic Analogies." 12mo, Sheep extra. 90 cents. 

An accurate acquaintance with the Prosody and Metres of the Greek language is a 
necessary aceompaniment of true scholarship ; but one great want is felt in its snc« 
cess^ cultivation. The present work supplies this want. It omits the intricate 
questions on which the learned delight to exercise themselves, and aims only to give 
'what is immediately and permanently useful, in a simple and inviting style. The 
Appendix, containing Remarks ob the Analogies of Language, will be founa interest- 
ing to every scholar. This work, like the others of the series, has been republished 
in England, and forms the text-book at King's College School^ London^ as well as in 
other quarters. 

^nt\\tm^n |l|omer'i3 KlCatr. 

The first Six Books of Homer*s Iliad, t© which are appended En- 
glish Notes, critical and explanatory, a Metrical Index, and Ho- 
meric Glossary, by Charles Antuon, LL.D. 12mo, Sheep extra. 

%\ 50. 

The commentary contained in this volume is a full one, on the principle that, if a 
good foundation be laid in the beginning, the perusal of the Homeric poems becomes 
a malter of positive enjoyment ; whereas, if the pupil be hurried over book after book 
of these noble productions, with a kind of rail*road celerity, he remains a total stranger 
to all the beauties of the scenery through which he has sped his way, and at the end 
of his Journey is as wise as when he commenced it. The present work contains what 
is useful to the young student in furthering his acquaintance with the classic language 
uid noble poetry of Homer. The Glossary renders any other Homeric dictionary 
useless. 

Principally from the German of Jacobs. With English Notes, crit- 
ical and explanatory, a Metrical Index to Homer and Anacreon, 
and a copious Lexicon. 12mo, Sheep extra. $1 75. 

Th:s Header is edited on the same plan as the author's other editions of the classics, 
and his given universal satisfaction to all teachers who have adopted it into use. 
That plan supposes an ignorance in the pupil of all but the very first principles of the 
language, and a need on his part of guidapce through its intricacies. It aims to en- 
lighten that ignorance and supply that guidance in such a way as to render his prog- 
ress sure and agreeable, and to invite him to cultivate the fair fields of classic litera- 
ture more thoroughly. 

With English Notes, critical and explanatory, by Charles Anted v, 
LL.D 12mo, Sheep extra. 

(In press.) 
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Stnthon's SratttttS, 

With English Notes, oriiiKsJ anil exiilanaiory, by Cm 
LL.D. (In press ) 

iH'£lintot& nntr (Eroo&s's Jffrst Boob tn 
3Latin, 

CoDtaining Grammar, Exercises, and Vocabularies, on the Method 
of cooatant Imitation and KepetUion. ISmo, Sheep extra. 76 
cents. {Second Edition, reiiaed.} 



n, PhilaitliMa. 



IB pUJI^B will Hdlipl IIBJ 



^'eitntock ana tSroDfts'js ScconU Sooie fn 
2,attn, 

Containing a complete Latin Syntax, with copious Exercisea (oi 
Imitation and Reiictitlon, and Z^jo Mcmorialea selected from Cic- 
ero. (In press) 

Jfecfi^Uiitorb .intr Croolts's ^ratticnl Kntro= 
liuction to Umin £i|)lr, 



JQ['(IEltntoc& anH (Croofts's '^Umtntavs &vtc\t 
(Sftammar, 

Containing full Vocabulariea, I^fasona on Ihs Forms ofWorda, and 
Exercisea for Imitation and Itepetilion, with a Saramary of Ety- 
mology and Syntax. (In press.) 

^'eifntotft ants (tvoois'a Siuonti ISoob tn 

©CECft, 

Containing a complete Greek Syntax, on the Basis of Kiihner, with 
Exercisea for Imitation on Mudels ilrawn from Xinophon'a Anab- 
asis- (In press.) 

aajftam's ©utlinrs ot Km^tcrfctt ants 39isor= 
Bcrrt jKtrntal atctlon. 

ISmo, Mnslin. 4fi cents. 
A, ■ leil-book in ManUl Phllwi^hT, Inm tnan,d it hu no oqnil ; ond mr Ihiu 

progren af KFinarBl BCienM,IHid Mpac-iolly bj lhu« who, willi mfl, ivcng7>iHi ih# jirs- 
vmlDBDllr pcBCilcll chmrmctrr ol IhU Vaowledge whioh pvruJnH t0 lbs bumu DUnd. 
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JGmbracing the two Departments of the Intellect and the Sensibih- 
ties. 2 vols. 12mo, Sheep extra. $2 60. 

An Abridf^ment of the above, by the Author, designed as a Text-book in Acad*- 
emies. 12mo,. Sheep extra. $X 2d. 

Professor Upham has brought together the leading views of the best writers on the 
most important topics of mental science, and exhibited them with great good judg^ 
ment, candor, clearness, and method. Out of all the systematic treatises in use, we 
consider the volumes of Mr. Upham by far the best that we have. — New York Review 

2S|iiiam'£i ^vtatlnt on the WSIUL 

A Philosophical and Practical Treatise on the Will. 12mo, Sheep 
extra. $1 25. 

This work is one of great value to the literary and religious community. It indi- 
cates throughout not only deep and varied research, but profound and laborious 
thought, and is a full, lucid, and able discussion of an involved and embarrassing sub- 
ject. The style, though generally diffuse, is always perspicuous, and often elegant ; 
and the work, as a whole, will add much to the reputation of its author, and entitle 
him to rank among the ablest metaphysicians o( our country. — Christian Advocate. 

efartrner's jF^vmtv^B Mttionavs; 

A Vocabulary of the Technical Terms recently introduced into Ag- 
riculture and Horticulture from various Sciences, and also a Com- 
pendium of Practical Farming : the latter chiefly from the Works 
of the Rev. W. L. Rham, Loudon, Low, and Youatt, and the 
most eminent American Authors. With numerous Illustrations. 
I2mo, Sheep extra, $1 75 ; Muslin gilt, $1 50. 

An inviluaUe treatise for the agriculturist, whose suggestions and information 
would probably save him ten times its cost every year of his labor. — Evangelist. 

In the Farmer^s Dictionary we find what has never before been drawn up for the 
farmer : no wher^ else is so much important information on subjects of interest to the 
practical agriculturist to be found. — Cultivator. 

MutVu jF^vmtv'n (Companion; 

Or, Essays on the Principles and Practice of American Husbandry. 
With the Address prepared to be delivered before the Agricultural 
and Horticultural Societies of New Haven County, Connecticut. 
And an Appendix, containing Tables, and other Matter useful to 
the Farmer. To which is prefixed a Eulogy on the Life and 
•Character of Judge Buel, by Amos Dean, Esq. 12mo, Muslin. 
75 cents. 

** This is decidedly one of the best elementary treatises on agriculture that has 
ever been written. It contains a lucid description of every branch of the subject, 
and is*ln itself a complete manual of Husbandry, which no farmer, who would un- 
derstand his own interest, should be without. It is sufficient to say that this is the 
last production of the late Judge Buel, and contains his matured exp^ence and opin- 
ions on a subject which he did more, perhaps, to elevate and promote than any other 
man of his time. Judge Buel was a strong advocate for what is termed t»« New 
Husbandry, the many advantages of which over the old system he illustrated by his 
own practice, and the claims of which to the consideration of the fanner are ably set 
forth in this volume. The work is written with great perspicuity, and the mannef 
in which the subject is treated shows the hand of a master. The clearness ana sim- 




«.« .»^„^.. . - . ^J*' 

Sd we fliere/ore recommend it to the notice of our Agricultwul Societies. 



WORKS rOE COLLEGBa AND DIifTRLCT SfMlbOl 

Brajcr'a ZCcvt=l)ooft of ehcmfgtrn, 

FoT the Uae of Schools and CoHo^ea. With nearly 300 IlluBtralions. 
12mo, Sheep. 75 ceuts. (Tliird Editioo, revised.) 

JSraprr's CIitinEcal tf9rganf;at(on of 3IIants. 

A Treatise on the Forces wliLch produce the Organization of Plants. 
Wilh an Appendiit, containing aeveral Memoira on Capillary At- 
traction, Electricity, and the Chemlca! Action of lAght. En- 
giavjngH. 4lo. S3 50. 

Wb'b""«.'.'«-'"'l"'''''""f''f"'i""diiigly..lu»l.lelo=ll)o«t.ur»n.nM. Tfc 



Sra^er's 2rri;t=tooft of ilatural )3htIoso))hs> 

Kor the Use of Schools and Colleges. Wilh numerous Illustnitions 
lamo. (In press.) 

Worse's Srb) Ssjstcm of CEfosrapIig, 

For the Use of Schools. Illustrated by more than 60 Ccrographio 
Maps, and numerous Engravings on Wood. 4tn. 50 cents. 

IwlJiihMSDU. OQ BDl rul lo nndBr it itoMTvedlj popoliK— W. It. Pita, IViiic™ 
bJ If. E. GroMMT Sdaol, PUlM^lp/iia. ~, p. 

Thg PohUo Bcbul Suciatr d( Ih. cily of Nfw Vork Ian nsxinB.iIy Hloplnl 
ITDtJucod iiilo Lh« of niitmJelphiQ. 

JtiCorsc's <SctOBra)jiiEc ^njRi, 

Comprising the whole Field of Ancient and Modern, including Sa- 
cred Geography, Chronology, and HiaWry. Puhlishing in Num- 
bera, folio size, each containing four colored Mapa, executed from 
the latest improved authorities. The first 8 Numbera form a 
oomplelB American Atlas. Price 25 cents each Number. 



»nito£tfe'0 jrrrat Hrfntfjiltn of Cftcmtstrfi; 

Being a famiUar Introduction to the Study of that Science WiL 
Quealiona. Engravings, ISnio, half Sheep. 75 cents. 



WORKS FOa COLLEGES AND DISTRICT SCHOOXiS. 9 

llrtiMcr« l^ractfcHl mttMnltn. 

Applications of thei^ Science of Mechanics to Practical Purposes. 
Engravings. 18mo, half Sheep. 90 cents. 

This yolume is alike creditable to the writer, and to the state of scienc* in this 
oountry. — American Quarterly Review. 

MtnMtWn iFfrnt minti9ltn of Natural mi^ 

losojplii} ; 

Being a familiar Introduction to tlie study of that Science. With 
Questions. Engravings. 18mo, half Sheep. 75 cents. 

This work contains treatises on the sciences of statics and hydrostatics, comprising 
the whole theory of equilibrium. It is intended for the use of those who have no 
knowledge of mathematics, or who have made but little prepress in their mathemafe* 
ical reading. Throughout the whole, an attempt has been made to bring the priuci* 
pies of exact science to bear npon questions of practical application in the arts, and 
to place the discussion of them within the reach of those connected with manufac- 
tures. 

^otttt'n IPoUtCcal 35conoms: 

Its Objects, Uses, and Principles ; considered with reference to the 
Condition of the American People. With a Summary for the Use 
of Students. 18mo, half Sheep. 50 cents. 

Two objects have been kept in fffew in preparing this work: first, to provide a 
treatise for general readers adapteij to the times, and especially to the wants of our 
country, which should not be encumbered unnecessarily with controversial matters, 
or with abstract discussions ; secondly, to furnish a cheap and cimvenient manual fur 
seminaries) in whtch iarger and more expensive text-books could not well be used. 

^^vhtv'H ^(nn to lEtifilinTx (Rompnnltimy 

Prepared for the Student of all Grades, embracing Specimens and 
Examples of School and College Exercises, and most of the higher 
Departments of English Composition, both in Prose and Verse. 
12mo, Sheep extra, 90 cents; Musliifgilt, 80 cents. (A new 
Edition, with Additions and Improvements.) 

We have been long familiar with this excellent volume, and do not conceive it pes 
sible for any improvement to be made on it. To those who have never had an oppor- 
tunity of judging of its iflerits, we would say, by all means procure a copy, for there 
is nothing like it in the whole range of elementary school-books.— Comrnerciai Mv 

Adapted for the Use of Morse's, W«iodbridge*8, Worcester's, Mitch- 
ell's, Field's, Malte Bran's, Smith's, Olney's, Goodrich's, or any 
other respectable Collection of Maps: embracing, by way of 
Question and Answer, such Portions of the Elements of Geogra- 
phy as are necessary as an Introduction to the Study of the Maps. 
To which is added, a concise Description of the Terrestrial Globe 
12mo, Muslfn. 25 cents. 

These Questions embrace none of the tedious and uninteresting details of. geogra- 
phy. They are designed to simplify the stndy of this important science, by means 
of the useful and important process of classification. There are few questions among 
them that can not be answ<ired from any respectable atlas ; and the author trusts that 
they will prove useful and convenient on this account, as they may be used without 
subjecting a class of pupils to the expense frequently attendant on a required nnifoHB- 
ity of maps. These Questidns are already used in aoias of the leading schools iA 
Kew England. 



10 WOKKB FOB COLLECES AND DISTBICT SCHOOLS. 

Or, Elements of a new Sysicm of jMenlal Pliilosopliy, on tlm Baala 
of Consciousness and Commoa Sense. Designed fur Collegia 
and Academies. tSmo, kuelin. tl 00. 

ItaihLtuti Inbldftid maDner the AO&ljBia of inBaUl ptlileiM>phjr u (>■« bun of meta- 

Salttcl^'s (tomiirnlitum of 3(loman antt ^rr= 
cfan Slntfquftics, 

Including a Sketeli of Anoienl Mythology. WithMaps, &.c. lamo. 
Muslin. 37} cents. 

Imatrfal id Iha clmrcil jnifil la ammaa Uit-banli3. On Ihii inaiunl, thi itudr 



high •ciliMiti u w>U u pnvau uh. 

Or, H Practical Introduction to the Study of the Spanish Language. 
Adapted to every Class of Learners, containing full lustmctiona 
in Pronunciation ; a Grammar ; Reading Lessons and a Vocabu- 
lary. (In press.) 

I hi.o Ii>»T mot "1 Ih . "oA profiKnTiE lo IcMh sny tarriga Isnimge which cnm- 

in Bo?]iih, Franch, and Spinish for many yenra m Iho rifle. uT P»rM, Lonir<ip.''Bui 
Hiuind, iBsoliiBi what Ig ai<i>l iDpotuat la kni^w.—Son Julio Cirilo dk Moliha, 
Pnjeaar of Lmgltagu m Ue CWiei •/ JUoilriil, Parii, atd latiim. 

BobVb Elements of »hEtor(c anB ^ftcrat^ 

(tritfcism, 

With copious Praclieal Exercises and Eiamples. IriclndinK. also, 
a Succinct History of the English Language, and of British and 
American Literature, from the earliest to the present Times. 
On the Basis of the recent Works of AJeiander Reid and Robert 
Connell ; with large Additions from other Sources. Compiied 
and arranged by J. R. Bo\ti, A.M. 12mo, half Bound. 60 cenla. 

of u.db.n, P"""^ 'mi aWmhahtUn rolenul m priiBTHiiig iSt miWo uid Blteed 

BoBtt's Eclertfc iWoral ^^hflofloplij?. 

Prepared for Literary Institutions and General Use. 12mo, Muslin 
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A CJomedy ofPlautus. With English Notes, for the Use of Stu- 
dents. By John Proudfit, D.D. ISnio, Muslin. 37^ cents. 

Plaotas powessed very happy tnlents for a comic writer, a rich flow of excellent 
vit, happy iuventicm, aud all the force of comic expression. — Eschb. 

Crrammatt 

Containing the First Part of the celebrated Grammar of these Au- 
thors. Arranged with Questions, and a Key in EngUsh. Also, 
an Abridgment of the Syntax and Grammatical Analysis of the 
same Authors. To which are added, Lessons in Reading and 
Speaking, Forms of Drafts, Advertisements, &c. Designed to 
facilitate the Student in the Use of the French Language, 1st. By 
making it a Medium of Communication between himself and 
Teacher. 2d. By enabhng him to read, write, and speak it on all 
Occasions. By Sarah E. Seaman. Revised and corrected by 
Professor C. P. Bordbnavb. 12mo, MusUn. 75 cents. 

The Grammar af No01 and Cbapsal is universally considered to be the best, and is 
the one most generally used in our academies. The form of question and answer 
adopted by Mrs. Seaman, with the translated key at the end, are evident improve- 
ments. I do not hesitate to recommend the work. — C. Lb Fxbvrb. 

I hare so high an opinion of the judgment of M. Le Febvre, that any work which 
meats with hit approbation will <^mmaQd mine. — Charles Antuon. 

jtanVB ILogic, Hattocf natCbe anlr Sniructfbr ; 

Being a connected View of the Principles of Evidence and Methods 
of Scientific Investigation. 8vo, Muslin. S2 00. 

A production, we predict, which will distinguish the age ; which no scholar should 
be without ; but which, above all, should be the manual of every lawyer. The style 
is, in our judgment, a model ; in thought as in method, clear as crystal ; in expres 
■i<m, precise as the symbolical language of algebra. — Demoeratie Review, 

Jfttants'js ^IntlpUn of Sloquence. 

With an Introduction, by the Rev. Dr. Potter. 18mo, MoBlin. 
45 cents. 

This manual is decidedly the best which has yet appeared opmi the anbject, and i»t 
as it were, an excellent emblem of the oratory on which it chiefly dwells : admirable 
in its arrangement, full of good sense in much of iu detail, with a Cslicitons and Ju- 
dicious applicatiott of the prineipies of Cicero and QnintiliaB to his subject.— Quor 
Urljf Review. 

Containing the latest Improvements. 8vo, Sheep. $1 50. 

I regard it as a very valuable accession to mathematical science. I find it remaric* 
ably full and complete.— E. 8. Sbbli^ Pro/eteor of Mathematiee, Amkeret College, 
itaeeiukueetts. 

1 deem it a work of great value to the ■Mtbematical stodent, and better suited to 
the wanu of private learners, and all others who wish to obtain a thorouf b kn<»w} 
edge of the science, than any other work with which 1 am acquainted.— Eluam A. 
Smith, CorreepondiMg Secretary of Queen* e Count f Common School Aeiociction. 

1 have eaamined your work, and am highly pienaed with it. Yoor manaremeat of 
the roota is admirable, as abo of nuuiy other topics which I sif ht BMatioA.^N. T 
Clakeb, Camndmigmm, New York, 



) rOB. COLLEGES ; 



^ 



S,Mmis's S^rcati'se on ^iQcItra. 



JIaUcHiMa in fir^oHTf C^cg*. 



.Prafainre/itMh- 
il heltsr adapted fat 



eiarfi's JSlcmtnts of Stlfltfira : 

Embracing also the Theory and Application of Lonarithma ; together 
with an Appeniiii, containing Infinite Series, the General Theory 
or EqaatioDs. and the most approved Methods of resolving the 
higher Equations. 8vo, Sheep extra, &! 00. 






3Lcbifs's ^latDuCc SlteolDSfif 

Plata contra Atheoe. Plato agaiost the Atheiata ; or, tha Tmth 
Book of the Dialogue on Laws, accompanied with Critical Notes, 
and followed by extended Dissertations on some of the main 
Points of (lie Platonic Philosophy and Theology, especially as 
compared with the Holy Scriptures. ISmo, Muslin gilt. SI 50. 



FroTiJuiir L<»is hu. in tbii work. proTiilod n ni^b f«it biHh <w lUa fiDdinl wid 
th> CbTiKiiin.— .Vtu Vorit EtrngiliU. 

'S.te'a SSlemtnts ot eTroIoQ;» (or Sp))nltir ^B(; 






iinTwi 



(h* Mlanliac njlllUiriifi of iIlb lalboi jl I uOlciem guarmUii An the geaermi Moelltlin ~ 
uilniinn'uiiil'arUu voik. 

tturbe'fl 3^ssas on tfie SnliUme nntt 3SrauttfuI. 

A Philosophical Inqniry into the Origin of our Ideas of the Sublime 
iiml BcMUtifiil. ^IthantntrodiiotiiryDiscooraeconccmingTaste, 
Eililcd hy Aniixii*HMit.Li. ISmo, Muslin. TG cents. 
*■■ wrlUr, obtlliir wn MMiJor Ih. splrna-f .J- hii aim™. Ih.-riotinM. nd n- , 
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Inclujding the most recent Discoveries, and Applications of the Sci- 
. ence to Medicine and Pharmacy, and to the Arts. Edited by Johw 

W. Draper, M.D. With about 250 Engravings on Wood. 8vo, 

Muslin. $2 00. 

** This Uxt-book is undoubtedly the beat, because the most comprehensive in tlM 
English language ; the additional Notes of Professor Draper have been deemed ex- 
ceedingly valuable. The prodigious sale of this work in this country as well as n 
England, sufficiently attests its fligh merit. The leading idea of the author has been 
to present tlie student an account of the general principles and facta of Chemistryy 
and of its applications to Pharmacy, Medicine, and the Useful Arts. For its laborious 
xesearch, accurate analysis, and prafoand learning, this work stands unrivaled among 
productions of its class/* 

|l|enrs'i9 lEpltomt of tfie W^t^^Vi of 

IPhCkusojphfi. 

Being the Work adopted by the University of France for Instruction 
' in the Colleges and High Schools. Translated from the French, 

with Additions, and a Continuation of the History. 2 vols. 18mo, 

Muslin. 90 cents. 

We have had 'hitherto no work in our vernacular embracing a comprehensive and, 
at the same time, elementary and didactic view of the history of philosophical opin- 
ions ; the present work seemed to the translator to be, on the whole, the best that 
could ba adoptied to supiMy that want. Besidaa an Appendix bringing doMrn the sub* 
JBct to the present time, the editor has added some notes and illustrations as elucida- 
tory of t&e text. 

QTj Professions and Trades. Illustrated by 81 Engravings. 18mo, 
half Bound. 76 cents. 

The above work embraces a class of subjects in which every individual is deeply 
interested, and with which, as a mere philosophical inspector of the affairs of men, 
he shonld: become acquainted. They challenge attention in this country especially, 
.p greM. proportion of the community being engaged in some branch of the professional 
9r mechanical departments of business as a means of subsistence or distinction. It 
is a work eminently suited for the perusal of youth. 

Being a plain and familiar Exposition of the Structure and Functions 
of the Human System. Designed for Families and Schools. En- 
gravings. 18mo, half Sheep. 46 cents. 

The design of the present volume is to render easy and agreeable the study of hu- 
man anatomy and physiology, by exhibiting the subject in all its bearings and connec- 
tions. It is no less instructive than curious to study the structure and contrivances 
of the human frame ; the surprising ingenuity which is evinced in the combinations 
and appliances of the animal economy. This work describes the various oigans and 
their functions and adaptations. The arrangement of the subjects treated of in thi» 
work, he apprehends, is new ; btit the peculiar mode of teaching them is, with some 
variations, that which has been so soccessful ia the hands of Sir Chatlea Ball, Pr. 
Amott, and a few other modem writers. 

Revised Edition. 12mo, Muslin. $1 26. 

It is a work which is incomparably superior to all similar works, not only in depth 
of thought and ingenious original research, but also in practical ntilitj to the itadont* 
— ArcJMsfK^ W/uttely. 
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Sauthartat's Elrmrntar^ ^rcatisr ok 

^cchantiSr . 

TraoBlaml from the French, wiih AdJiiions and KioendaUaom, ty 
ProC E. H. Cocms.r. Ptole*. Bvo, Sheep ewfa. » 25. 

TW lilla ft Ah •Dill i> clfiluaB*; ■< iti iI^ku : ud ib> uua oC Itw CBiiant 



^tmptVs iSramnar nC the (ScrmaH %anguagr, 

n the Pjiaciple or Influetion. 3 Tob. 



m 



erlasis's %iU of SS^ashfngtaK, 

Id Latin Prase. Edited by J. N. RemoLira. Poitnit. 
Muslin «1 IBJ. 

SKtoarHs's Koott=kccver's Sttlaa. 

4to, half Roan. S! 00. 

Brnnrt'fi Smertean Jb^strm of Soofc=&rrpfifs. 

Adapted to the Commerce of the United States, in its Domestic 
Foreign Relations ^ cominehending all the Modem ImpFoveini 
in the Practice of the Act, and exemplified in one Set of Boulia 
kept by Double Enliy, embracing fire difiereot Methods of lieep- 
ing a Journal. Designed for Itie L'se of Schoola, Aoademies, ami 
Couating-bouaes. To which are added, Forms of the moet ap- 
prored Auxiliary Books, nith a Chart, exhibiting at one View the 
Final Balance of the Ledger. Royal Bto, half Sound, fl 50. 

Bacon anti Slatftc's Essays, 



Brottuham'B Ulcasurfs anir SHiiiantasrs of 
Sctrncr. 



39ucttr'is Seauttra, ?^arnionirs, anIr £tt&Uinf= 
tics oC Mature. 
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